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to 2. the ſollow- 
ing Treatiſe was con 


* 2 me when very young, | 
ef Tather as an Exerciſe to my ſelf ban 


- 
- 
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ac — any Deſign of it of 
= ſhowing It to ſome F ende 7 | 


Ii were. pleaſed to think it à proper 
n tiſe to 18 Youth by, which was © 


I | principal Reaſon. of my venturing 200 
5 A 1 12 — "SH iE I. 1 1 A 7 5 


DEDICATION. 


make it publick,, The favourable Re- 


ception it has met with ſince it was firſt 


publiſhed, makes me flatter. myſelf Akat 
K is of ſome: Uſe, and as lach Your” 


known Candour and Humanity and 


Zeal for any thing uſeful to Society, 
emboldens me to lay it under Your 
Protection. But when I conſider the 
high Character Vou ſo juſtly poſſeſs, 
K as a conſummate General and 
ſincere Promoter of uſeful Knowledge, 
J am fully ſenſible of the Unworthineſs 
of this Offering; however, if Vou are 
pleaſed to accept of it, I ſhall have this 
Benefit by it, R declaring publickly that 
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RMI * A Na Wees 
HERE are ſo many Books, of Na- 

8 v:gatzon already extant, that it 
may ſeem impertinent to trouble the 
World with a new: One : \eſpectally 
Wl /ince ſome good > Methematicians; 
NEST both at Home and Abroad, and 
many who are perfect Maſters of the Practice, have 
written on this Subject. Ye former of theſe being 
fond of ingenious Speculations, have generally been 
too. prolix on the Theory, and too ſhort on the prat=. + 
tical. Part. Whereas the latter have in a great 
Meaſure neglicted the Theory, and not being ver; 
ſollicious about Language or Method, have de- 
vered the practical Rules in ſuch a Mamer, 'as ⁶ 


. 
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ili The PREFACE. 


lll the Books on on oh Subject; for there are. ſame 
very full both on Theory and. Practice, agaih/t 


| * by moft People. 


 ftruttion of the young ace educated at = 


 - only obſerve, that I have dejignedly omitted Great 7 


But I am very far from finding fault with 


which, I have no other Objeckion, but that 177 
are too tedious to be Zaught, « and. Zoo „ LY 


Wutb ought to harn the Elements PO 2 
Treatiſes, and afterwards at their Leiſure 
ſhould read general Syflems, in order to perfect 


them. 


Fur theſe Reaſens, 1 have ventured 10 publiſ 
this mall Treatiſe ; wherein I have 5 it 
chief Buſineſs to keep a due Medium betwixt the 
two Extremes, into which the ſpeculative Wri- 
ters on the ons Hand, WO actical Ones on 
the Other, are apt to run. e laid tun all 
the 3 Nules, and troubled "th Reader with no 
more of the rere than is neceſſary to explain 
them. I have alſo explained the Principles of 


Menſuration, Surveying, and Gauging, ' and 
fhewed are applied to Practice, in order 
thut my Book 


2 e better anſiver the particular 
End jor which it is defighed, din > the In- 


3. 28.8 2D ( 1 3 1 


Pulict Schools. 
A. for the particular Contents of hi Sabin, = 97 
the Reader will find them after this Prefacey and 4 
( 


therefore "they need not be repeated bere. I ftall 


vor Sailin ng, 45 ag 1970 ſpeculative, and de- s 
gy bend ing 
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The PRE FACE. ix 
F pendi ing on Spherical Trigonometry, which evould 
22 a particular Volume to explain ir. There 
gre i 2 or three Problems ry in 
Practice, which depend on the Refolution Sphe- 
rical Trying 2 far the Sotution of "theſe, I 
| have laid fuch clear and ſhort Rules, that 
nobody can "nia the Manner of app ying 
4 


1 know ſome are of Opinion, that the Demon- 
Prations are not to be eafily learnt by every Capa- 
city, on which Account they teach the Practice 
only, This Book is therefore ſo written as ta 
ſerve for their Purpoſe hikewiſe, becauſe they may 


is true indeed, that there may be great Difficulty 
in finding out a proper Demonſtration ; but after 
it is found, it is eafier to be underſtaod than that 
of which it is the Reaſon : and therefore they 
who are net capable * „ the * * | 
monſtrations, are le 9 
flanding the practical Babe pt on NE 
And I am inclined to believe,” that what is com- 
monly attributed to Want of Genius in the Scholar, 
7s often owing 10 Want of Metbed and Perpicuily 


in the Maſter, * 


In preparing this Treatiſe Ip the Preſs, 1 
En, 2 myſelf ig to Mr 3 F. R. Foe 
who on rſt ſeet s, fo far 
_- proved both” the pe Fu rigs)” and 
of the Order in which they were put together, 
i dem 5 fo think them fit to be made publick with very 
little Alteration. | Ds 
- [a] Tachou- 


take the Rules alone without their Reaſons. x. 


The e Cor 


by 1 
I. - 
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N I 8 yl 7 a allo aged to that * ex- 
cellent Book of Mr Hopdsox, intituled, A Syſtem 
of Mathematicks, which vate .. be by far. the 

i - moſt compleat Treatiſe on this wes tb "ne as to 
1 Theory and Praclice. | 

1 
| The favourable Reception this irt has met with 
þ from the Publick, has induced me carefully to reviſe 
| 0 . the Whole, and make ſome conſiderable Alterations, 
| I hope for the better. If it anſwers the End I de- 
ned, which is the Good F the Public, I have my 
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es AVIGATION is that Art q 


e whereby we are enabled to carry 
a Ship from one Port to an- 
other. 8 
23 This Science depend upon 

5 WAY fome Parts of the Mathema- 

2 e tics, Which muſt be known be- 


e ; 
VAN | fore we can treat of it; therefore 

| we ſhall firſt "ws ot the UW of Pay 5 
E een enn ene | 


5 1 f ö 3 e 8 E C Th 
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 Geametricah Propoſitions. 


FTC. 
* oF fc Geometrical Propuſitions as art ble wo: 
> ſary for NAVIGATION. $a 2 IM 
| Arr. 1. EOMETRY aaa. 
| in we contider eee . I 


4 1 2 
9 . is that which is not made vp of Parts, 
or which is of itſelf indiviſible, as A @ 


3. A Line is a Length without Breadth, as 
B 

4. The Giles of a Line are Points; as the 
Extremities of the Line AB, are the Points A and B. 
r 3 


Y 


5. If the Line A B be the neareft Diſtance be- 
tween it's Extreams A and B, then it is called a ftrait 
Line, as A B in the former Figure; but if it be not 
the neareſt ä then it is called a curve * 
N wings oe | 


1 
1 6. A Surface i is that which is conſidered as having 
1 _ Length and Breadth, but no- 3 as B. 
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7. The Terms of a Surface are ths 
8. A plain Surface is that which hes n, berween : 
it's Extreams. 
ig. The Inclieution between two Lines meeting | 
| yoo _ a they do not make one con- 


tinued 


5 Line CB, meeting one ano--— 
ther at B, or the Opening be- 


GUrcle; the curve Line deſeribed 


a a „ 
- | * © a : ' - * ; 2 = 
l 9 : 
* 7 3 J 
1 


. Loe) or the opening between ther, i# called 
an Angle; thus the Inclina- A 2 


tion ot the Line AB to the 


tween the two Lines AB and 


CB, is called an Angle. | | 
10. When the Lines fortning the highs) are gt 


Lis then it is called a right lined Angle, as A; 


if one of them be right and the other curved, i is 


called a mixed Angle, as B; if both of them be cur- 


"yy It 1s _—_— a curve lined ABR, as C. 


11. If a « ap Line, A " bu 1800 another DC. 
ſo às to incline neither to the | * 7 
one Side nor to the other, but 5 8 
make the Angles ABD, 
ABC on each Side equal to | 33 
one another, len the. Litle , . is 44 
AB is ſaid to be perpendi- 5 72 
cular to the Line DC; and the two Angles are coated _ 
Right Angles. _ 

12. An obtuſe Angle is that which | is greater than = 
a right one, as A; and an acute Angle, that wk . 
is leſs than a right one, as B. We 


ou! 


13. Ifa ee Line Dei be faſtened at one of it's 
Ends C, and the other End D 4 — "7 
be carried quite round, then the / _ _- XR 
Space comprebended is called a Fi | 


by the Point D. is called the E 
2 or ——— o 
fy IS 13 * ©. ERS 


” - 
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An 2 " 
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| Geometrical Propefititns. | 


dius, viz. any Line drawn from the Center to the 
Eircumference; whence all Radii of the ſame or o- 
qual Circles are equal. 

15. Any Line drawn through the Center, and ter- 

|. _. minated both ways by the Circumference, is called a 

| Diameter, as BD is a Diameter of the Circle BADE. 

| And the Diameter divides the Circle and Circum- 

| * into two equal Parts, and is double the Ra- 
| us 

16. The Circumference of every Circle is * 


d , de divided into 360 equal Parts, called Degrees, - 


| and each Degree is divided into 60 equal Parts, 

l called Minutes; and each Minute into 60 equal Parts, 

1 called Seconds; and theſe into Thirds, Fourths, &c. 

| theſe Parts being greater or leſs according as the Ra- 
| dius 1s. 

- 17. Any. part of the Circumference is called an 
| Arch, or Arc; and is called an Arc of as many De- 
| grees as it contains Parts of the 360, into which the 

Circumference was divided: Thus if AD (in the 
former Figure) be the g of the Circumference, they 
the Arc 00-0 ny of 45 Degrees. 


18. A Line drawn from one 
End of an Arc to the other, is 


ſure of the Are; thus the right 
Line AB 1s the. Chord 9 0 
Arc ADB. : 


19. Any Part of a Circle cut off by a Chord, is 


| - (which is cut off by the Chord A 0 is called a Seg- 
ment. Whence it 1s un, | 


42 


Circle, the: fixed Point C is called the Center of 
it. ; 
o 14. The deſcribing Line, CD, is called the Ra- 


called a Chord, and is the Mea- 


3 called a Segment; thus the Space comprehended be- 
tween the Chord A B and Circumference ADB 


| if, 


amas ol a 4a ate _ VV <4 


— 
——— Profil.” 8 5 


. That all Chords diyide the Circle into two 
Segments. 
200 The leſs the Chord is, the more unequal are 
the Segments, and & contra. 175 
30455 When the Chord is greateſt, viz. when it is 
2 Diameter, then the Segments are . VIZ. 


, each a Semicircle. 
20. Any Part of a Circle (leſs than 

a Semicircle) contained between two 
- Radii and an Arc, is called a Sector; 
4 thus-the Space contained berween the 
| two Radu, AC, BC, and the Arch : 
3 . AB, is called a Sector. | | 
» 21. The right Sine of any —_ is a Line drawn 
Euer he Ar from one 

of the Arc, to a Dia- 
- meter drawn through the 
other End of the ſame Arc; 


n thus AD is the right Sine 
5 of the Arc A B, it being 
e a Line drawn from A, the 
* one End of the Arc AB, 

n icular to FB, a2 


meter ng throu 

5 | B. the ocker Ed of 0 

1e Arc AB, | 

5 

a- Now the Sines We on the ſame 3 ſtill 

ht increaſe till they come to the Center, and then becom- 

ne ing the Radius, it is plain that the Radius E C is th 
greateſt poſſible Sine, and for rhat Reafon it is called 3 
the Whole-Sine. 70 


18 Since the Whole-Sine EC muſt be e ws 
E-. to the Diameter F B (by Def. 21.) therefore produ- 
B cing the Diameter E G, the two Biameterf PB FB 
8 | EG, muſt croſs one another at right Angles, and 

8 ſo the Circumference of the Circle muſt be divided 
A, by them into four Parts EB, BG, G F, and F E, and 


5 eder 4 
$ _—_ "4 5 
* _ 


4 oY 

di _ 
x: IC, 2 
4 , 


, 


6 — 8 
theſe four Parts are equal to one another (by Def. 
11.) and ſo EB a Quadrant, or fourth Part 1 the 
Circumference; therefore the Radium E C is ahways 
the Sine of the Quadrant, or | r. Fan Fat of the 
Circle EB. he 
Sines are ſaid to be of fo may Degrees; a: the 
Arch contains Parts of the 360, into 41 the 
Circumference is ſuppoſed to be divided ſo the 


Radius being the Sine of a Quadrant, or fourth 


Part of the Circumference, which contains go De- 
grees; (the fourth aß of 360) thetefore the Ragan 
muſt be the Sine o egrees. 
22. That Part 7 or Radios 8 do: 
tween the Extremity of the Right Sine and the lower 


End of the Arch, viz. DB, is called a ave 
of the Arch AB. 


23. If to any Point in the Circumference,. ry B. | 
there be drawn a Diameter FCB, and from the 
Point B perpendicular to that Diameter, there be 
drawn the Line BH; that Line is called a Tangent 


to the Circle in the Point B; which Tangent can 


touch the Circle only in one Point B, elſe if it touch- 
ed it in more, it would go within it, and 0 not be hr 


= Tangent but a Chord (by Art. 18) 


24. The Tangent of apy Arch AB, is a foie 
Line drawn perpendicular to a Diameter through 
the one End of the Arch B, and terminated by 4 
Line CA H, drawn from the Center through the 


other End A; thus B H is the A of the Arch 


A 8 
5. And the Line which terminates the Tangent, 
Jy H. is called the Secant of the Arch AB. | 


2806. What an Arch wants of a Quadrant is called 


the Complement of that Arch; thus AE being what: 


the Arch A B wants of the Quadrant E B; is called, | 
the Complement of the Arch A B. 


27. And what an, Arch wants of a Semicircle is 


called the Supplement of that Arch; thus ſince A F 
881 : IR 13 


As , - 9 
Wc... 20 = 
* 90 * 9 
E * * 
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— Prapafitions. : 7 


is what the Arch A B wants of the Semicircle B A F. 
it is the Supplement of the Arch AB. 


28. The Sine, Tangent, Cc. of the Com plewent 
of any Arch, is called a Co-Sine, 8 —— Se. 
of that Arch; thus. the Any, Tangent, Sc. of the 
Arch AE, is. called the ine, Co- -Tangent, &c. 
of the Arch AB. 
29. The Sine of the Supplement of an Arch is the 
ſame with the Sine of the Arch itfelf, for drawing 
them according to the e there reſults che 


* ſelf-ame nes 
| 30. Ari be lined Angle is | meaſured byan Arch 
of a Circle * 
on the angular 2 — as | 'D 
a Center, comprehended a „ * 


between the two Legs 

that form the Angle: 07 

thus the Angle A B Dis 8 

meaſured by the Arch 

AD of the Girele CADE 

that is deſcribed upon che” Point B as s Center ; and 

the Angle is faid to be of as many Degrees as the 

Arch is; ſo if the Arch AD ding 45 Degrees, then 

the Angle ABD is ſaid 0 de an Angle-of-45 De- 
es.. 

1 Hence Angles are greater owleſ according as the 

Arch deſcribed about the —_ Point, and and termi- 

nated by the two Legs, contain 3 

Number of Degrees. 

31. When one Line falls perpendicularly 0 on Ed 

other, (as AB on CD) Mon? | 


YU SS_—A OSHA / te gd 
2 - 


w 


| then the Angles are right: 5 
| (by the 11th) and deſcri- - 0 
'W bing a Circle on the Cen- WES 5 
3 4 —_ ſince the Angles dC B D Be 
ABC, A BD are equal, 
g their Meaſures muſt. be ſo too, i. e. Fs . A c. | 
il AD muſt DE EI CAD is a Se- 
5 8 D 4 | 
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3 SGeomelrical A | 
micircle, ſince CD, a Line piling trough gh the Cen- 
AD is a Quadrant, 7. e. go Degrees; ſo the Mezfure 


5 a Wo I te 0 to the Sum of two right 


Point B, deſcribing the Circle CAD, it is plain, 
that CAD is a Semicircle (by the 1 5); but CAD 


Se therefore the Sum of the two Angles is 


_ - _ - 9 — — — — . — - - — — 
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2 gles which can be made from a Point in any Line, 
towards one Side of the Line, are equal to two riglit 
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boa 
* 
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— ——— 2 
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BCD hy the 15th) therefore the Arch ABC is equal 
3 ra Arch BC, there will remain AB equal to 


| | CED (by Art. 255 After the ſame manner we 
may prove, that the Angle * Is * to the 


” 4 * 
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ter B, is a Diameter, therefore of the Parts A C, 


of a right Angle is always go Degrees. 
of If bos Ling AB” S858 upon Aber, 
SR che Sum of 
CL 7 two Angles ABC, 


ABD is always equal 


Angles. For on the 


man 
" _" Ws Hy WW rex 


is equal to CA and A D the — 4 of the two 


equal to a Semicircle, * is, to two right Angles 
"by the laſt). | 
Cor. 1. From whence it is plain, that all the An- 


Angles. 
2. And that all the Angles which can be made 
about a Point, are equal to four right ones. 

33. If one Line AC croſs another BD in the point 
E, then the oppoſite Angles are 
equal, viz. BEA to CE D, and 
BE C equal to AED. For up- 
on the Point E, as a Center, de- 
bing the Circle AB CD, it is 
plain ABCi is a Semicircle, as alſo 


rch BCD; and from both taking the 
CD, i. e. the Angle BEA equal to the _— 


YE” WOT" n_ oc acct ods Poo io accom. Af 


Angle AED. 


my Lines 


Ae Tt 


es 


— whe called Pa. 
rallel mak as * 


. a6... Ends LIEBER 


then the alternate An- 


EFD, and the An- 


the Angle FEB, for © | 
G EB is equal to A E F (by che 33d) and CFHis 


Onan Lr Kas 


EFD by the laſt; but AE F is equal GE B) 


bY 1 al . . 
34. 4. Lines which are 5 r 


equally diſtant from one 


OD 1 0 

N ag 1f a Line GH croſs ewo Paratſel A B. oh 8 
then the external ite Angles are VIZ. GEB 
equal to CF H and AEG equal to HFD. For finee 


AB and CD are parallel to one another, they may 


be conſidered as one broad Line, and GH croſſing 
it; then the vertical or oppoſite Angles GEB, CFH 


are _—_ (by the 33d), as alſo AEG and HFD by | 
the 


36. If a Line GH croſs two Parallels __ CD, 


les, viz. AEF and 
FD, or CFE and 
FEB are ual ; that - 
is, the Ang AEF 
is equal to E Angle IR 


gle CFE is equal to 


equal to E FD by the ſame, but GEB is equal to 


CFH by the laſt Therefore AE F is equal to 
E FED; the ſame way we may prove FEB equal t 5 


EF C. 


37 If a Line G H croſs two parallel Lines A B. 
CD, then the external Angle G E B is equal tothe 


internal oppoſite one E FD, or GE A equal to 


CF E. For the Angle AEF is equal to the * 


the 33d) therefore G E B . equal to E FD; 
ſme way we may prove AE G equal e S Pk. 


> 


7 75 N 38. If 


10 e ee 
38. If a Line G H croſs two parallel Lines A B, 
C D, then the Sum gf the two internal Angles, viz. 
B EF and DFE, or A E F and C E are equal to 
two right Angles; for ſince the A GEB'is equal 
os Angle EFD (by the laſt), to 
gle FEB, then U E B and B E F are equal to B EF 
and DFE; but GEB and BE F are equal to two 


right Angles (by the gad), therefore BE F and DFE 


are alſo equal to two right Angles. The ſame way 
we may prove that AEF and CFE are wie] 
tuo right Angles. 

39. A Figure is os Bs. of Space bonded. by 
Lines or a Line. If the bounding Lines be ſtrait, it 
zs called a Rectilineal Fi iure, as A; if they be curved, 

ĩt is called a curvilmeal Figure, xBorC; if they be 

partly curve Lines and partly bear ia 
Figure,-as D. 8 


e ſimple 'refztineal 
Figure is that which is bounded by 
three right Lines, and EIT a 


41. Triangles are divided i into different kinds, both 
with reſpect to their Sides and Angles : with reſpect 
to their Sides, they are commonly divided into three 


1 A fr E baving all it's three Sides equal to 

42. riangle ving it's three 

one another, is called an Equilateral Triangle, as A, 
43. A Triangle having two of it's Sides equal to 

one another, and the third Side not equal to either of 

them, is called an J/oſceles Triang le, as B. 

44: A Triangle having — it's Sides equal to 


one another, is called a 5 calene 7 riangle, as c.\ 


45. Thi 


oth add the An- 


Triangie, as A. = D. 
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divided i into three different kinds, v7z. 


46. A Tri 


called a Rigbt- Triang 


having one of irs Angles eight, i | 
le, "HRT 


47- A Triangle having one of it's A ngles oba 
or greater than a right Angle, is called. an _ 


Angled Triangle, as B. 
48. 'Laſtly 75 a Triangl 


having all it's Angles aun 
a e e ee n 2 


49. In all eee Tyianglesy -the Sides com- 


prehending the right are 
called the Legs, and the Side op- 
poſite to the right Angle is called 


che Hypothenuſe. Thus in the right 
angled Triangle A BC (the right 


* 


Angle being at B) the to Sides AB ind BC aac 
comprehend the right Angle ABC, are the Legs 


of the Triangle, and the Side A C, which is oppoſite - 


to the right Angle ABC, is the Hypothenale of the 


right-angled Triangle A BC. 


50. Both obtuſe and acute angled 


Triangles are in 


——_— called Oblique- Angled Triangles; in all which 
any Side is called the Baſe, and the other two * 


Sides. 


Se. The ö 
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31. The perpendicular Height of any Triangle is 


A a Line drawn. from the 

8 Vertex to the 1 mr 

8 dicularly; chus H the Tri- 

angle ABC be propoſed 
5 — C and BC be made it's Baſe, 


* then A will be the Vertex, 
' wiz. The Angle oppoſite to the Baſe; and if from A 
you draw the Line A D perpendicular to BC, then 
the Line AD is the Height of the Triangle ABC 
ſtanding on BC as it's Baſe. 

Roe all Triangles ſtanding between the Gs Pa- 


rallels have the ſame Height, ſince all the 8 


eulars are equal by the Nature of Parallels. 
A— NT 52. A Figure 8 by 


four Sides is called a Quadrila- 

8 teral or r Figure, as 
D ABD Cc. 

. Quadrilateral Figures . oppolite Sides are 

lel, are called Parallelograms. Thus in the qua- 


drilateral Figure ABDC, if the Side AC be para 
lel to the Side BD which is oppoſite to it, and A B 


y 


be parallel to 2 then the Figure ABD C is called 


a Parallel 
54. A arallclogram having all it's Sides equal and 

| Angles right, is called a Square; as A. 

55. That which hath only the oppoſite Sides equal 

and it's Angles right, is called a Rectangle; as B. 

56. That which hath equal Sides but oblique An- 

gles, is called N as C; eg pbng 


clined Square. . 


— 2 ai a. wy 


a -. 
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Generic Propoſitions. = 1213 
57. That which hath only the oppoſite Sides equal 


* the Angles oblique, is called a Rbomboides, as D; 
and may be” -conceived as an inclined Rectangle. 


I 2e 


58. When none of the Sides are parallel to an- 
ode, then the quadrilateral Figute is | called a 27. 
pezium. 

59. Every other right-lined Fi igure, * * more 
Sides than four, is in general called a Polygon. And 
Figures are called by particular Names according to 
the Number of their Sides, vix. One of five Sides is 
called a Pentagon, of ſix a Hexagon, of ſeven a Hep- 
tagon, and ſo on. When the Sides forming the Poly- 
gon are equal to one another, the Figure in called: 2 
regular Figure or Polygon. | 

60. In any Triangle ABC, one of n Lomas as 
BC, being produced towards D, the external Angle 
ACD is equal to both the internal oppoſite ones taken 
together, viz. to ABC and BAC. In order to 

prove this, through C draw CE parallel to AB; 
* ſince CE is parallel to A B and the Lines AC 
and B D croſſeth them, the Angle ECD is equal to 
ABC (by the 37th), and the Angle} A CE equal to 
CAB (by the 36th); therefore the Angles E CD 
and ECA are equal to the Angles ABC and CAB; 
but the Angles ECD and E CA are together equal 
to the Angle AC D; therefore the Angle A C D is 


equal to both the Angles ABC _ CAB taken to- 


* | 


14 Geometrical Proe. 5 
Cer. ** e proved; der if ewes Lines 
ns and CD, be 

by a third Line 


ACE | £7 EE, — the alternate 
FR 4 Ang les AEF and E 
equal, the Lines 


B pos Cb will be 
fra for if 

are not parallel they muſt meet one another on one 

Side of the Line EF (ſuppoſe at G) and fo form the 

Triangle E F G, one of whoſe Sides G E being pro- 

duced to A, the exterior Angle AE F muſt (hy 

this Article) be equal to the Sum of the two Angles 


3 


EFG and EG F, but, by Suppoſition, it is equal IM be 
to the Angle E FG alone; therefore the Angle tt. 
AEF mult be equal to the Sum of the two Angles bo 

EF G and E G F, and at the fame Time equal to 
the Angle E F G alone, which is abſurd, ſo the L. 
Lines A B and CD cannot meet, and therefore muſt A. 
be parallel. | qu 
sr. In any Triangle ABC all the three Angles the 
taken together are equal to two right Angles. To D 
prove this you mult produce B C, one of it's Legs, W ©2 
to any Diſtance, ſuppoſe to D; then by the laſt Pro- W# © 
ſition, the external Angle, ACD, is equal to the I 8'< 
Bum of the two internal oppoſite ones C A B and 3 
c 


ABC; to both add the Angle A CB, then the Sum 
of the Angles ACD and ACB, will be equal be 
to the Sum of the Angles CAB and CBA and IB. 
ACB. But the Sum of the Angles AC D and Le 
ACB is equal to two right ones (by the 32d), there- (be 
fore the Sum of the three Ranks CAB, CBA; 
and ACB is equal to. two right Angles ; that is, the I the 
Sum of the three Angles of any Triangle ACB is 
equal to two right Angles. Tri 
Cor. 1. Hence in any Triangle given, if one of Ir! 
it's Angles be kvown, the Sum of the other two is the 
alſo known: for ſince by the laſt, the Sum of all the 
the three is 0 to two right Angles, or a Semi- 

e 


circle, it is plain, that taking any one of them 


will be the Sum of the other two. Thus (in the 
former Triangle | ABC (if the Angle ABC be 
40 Degrees, by taking 40 from 180 we have 140 
Degrees; which is the Sum of the two Angles BAC, 
AC B, the converſe of this is alſo plain, uiz. The 


bey Sum of any two Angles of a Triangle being given, 
»ne the other Angle is alſo known by taking that Sum 
the from 180 Degrees. dear I HAS Yeu 0: 1 29513 
ro- 2. In any right-angled. Triangle, the two acute 
(by Angles muſt juſt make up a right one between 
les them; conſequently, any one of the oblique Angles 


al being given, we may find the other by ſubtracting 


to 62. If in any two Triangles, ABC, D 
the Legs of the one, vix. N 
\uſt AB. and AC, be e- 
qual to two Legs in 
les ons 2 _ to 
an „each | 1 r 
N to each reſpectively B ; CE F 
i. e. AB to DE and AC to DF; and if the An- 
gles included between the equal be equal, 
viz, the Angle B A C equal to the Angle D; 
then I ſay, that the remaining Leg of the one ſhall 


. 


BC to EF; and the Angles oppoſite to equal 
Legs ſhall be equal, viz. ABC equal to DEF 


ABC be ſuppoſed to be lifted up and put upon the 
Triangle DEF, and the Point A on the Point D; 


of fit is plain ſince. BA and D E are of equal length, 
o is the Point E will fall upon the Point B; and fince 
all the Angles BAC, EDF are equal, the Line 

| 5 3 


Geamitrical Propoſitions. | 1 
from a Semieircle or 180 Degrees; the Remainder 


FI 


E F two 


be equal to the remaining Leg of the other, viz. 


(being oppoſite to the equal Legs AC and DF) 
allo A CB equal to DFE (which-are oppoſite to 
the equal Legs AB and DE). For if the Triangle 
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AC. will fall upon the Line D F, and they being of 
equal Length, the Point C will fall upon the Point 
F, and ſo the Line BC will exactly agree with 
the Line EF, and the Triangle ABC will in all 
reſpects be exactly equal to the Triangle DEF; 
and the Angle ABC will 33 to the a 
+ DEF, alſo the Angle ACB will be equal to the 


Angle DF E. | 
Cor. 1. After the ſame Manner it may be proved, 
that if in any two Triangles ABC, DEF, (ſee the 
preceding Figure) two Angles A B C and ACB, of 
the one, be equal to two Angles DEF and DFE 
of the other each to each reſpectively (viz.) the Angle 
ABC to the Angle DEF, and the Angle. ACB 
equal to the Angle DFE, and the Sides included 
between theſe Angles be alſo equal, (viz.) B C equal 
to E F, then the remaining Angles and the Sides op- 
poſite to the equal Angles, will alſo be equal each 
to each reſpectively; (viz.) the Angle BA C equal 
to the Angle E D F, the Side A B equal to DE, 
and AC equal to DF: For if the Triangle ABC 
be ſuppoſed to be lifted up and laid upon the Triangle 
DEF, the Point B being put upon the Point E. 
and the Line B C upon the Line EF, ſince B C 
and E F are of equal Lengths, the Point C will 
fall upon the Point F, and ſince the Angle AGB 
is equal to the Angle DFE, the Line CA will 
fall upon the Line FD, and by the ſame Way of 
reaſoning, the Line BA will fall upon the Line ED, 
and therefore the Point of Interſection of the two 
Lines BA and CA, (viz.) A will fall upon the 
Point of Interſection of the two Lines ED and FD, 
(viz.) D, and conſequently B A will be equal to DE, 
and A C equal to D F, and the Angle B A C equal 
to the Angle E DF. on) ; 
Cor. 2. It follows likewiſe from this Article, that 
if any Triangle A B C, has two of it's Sides A B 
and A C equal to one another, the Angles oppoſite 
. 5 | to 


and CAD, an 


chef Maa 250 7 


th theſe Sides will alſo be equal, (viz.) the Angle 
ABC equal to the Angle A CB, For ſuppoſe the 
Line A D, biſecting the An- of» | 
ole BAC, or dividing it in- 
to two. equal Angles BAD | 
meeting 
B C in D, then the Line 
AD will divide the whole 
Triangle BAC into two. 
Triangles ABD and DAC; „ DIY. 
in which B A and AD two B 5 ö C 
Sides of the one, are equal 
to CA and AD, two Sides of the other, each to 
each reſpeQively, and the included Angles B A'D 
and DAC ate, by Suppoſition, equal; therefore, 
(by this Article) the Angle A BD mult be equal to 
the Angle A CD. 
63. Any Angle, as BAD, at | A. 
the Circumference of a Circle 
B A D E, is but half the Angle 
BCD at the Center ſtanding on 
the ſame Arch BE D. To de- B 
monſtrate this, draw through A | 
and the Centre C, the right Line E 
ACE, then the Angle ECD is | 
equal to both the Angles DAC and ADC (by the 
both); but ſince A C and ED are equal (being two 
Radii of the ſame Circle) the Angles ſubtended by 
them muſt be equal alſo, (by Art. 62. Cor. 2.) i. e. the 
Angle CAD equal to the Angle CD A, therefore 
the Sum of them is double to any one of them, i. e. 
DAC and ADC is double of C AD, and therefore 
ECD is alſo double of DAC; the ſame way it 
may be proved, that ECB is double of C A B, and 
therefore the Angle BCD is double of the Angle 


BAD, or BAD the half of B CD, which was © 
be proved. 
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muſt be mea 


Cor. I. Hence an Angle at the Circumference is 
meaſured by half the Arch it ſubtends, for the 
Angle at the Center (ſtanding on the tame Arch) js 
meaſured by the whole Arc "By the 3oth) ; but fince 
the Angle at the Center is double that at che Circum-. 
ference, it is "2x1 the Angle at the Cireumference 

ured by only half the Arch it ſtands 


Cor. 2. Hence all Angles, 
ACB, ADB, AEB, Sc. at 
the Greamference of a Circle, 
ſtanding on the ſame Chord 
A, are equal to one another; 
for by the laſt Corollary they 
are all meaſured by the ſame 
Arc, viz. half the Arc AB which — of them 
ſubtends. 

Cor. 3. Hence an Angle in a Segment greater 
than a ner is leſs than a right Angle; thus 
if AD B be a Segment, greater than a Semicircle, 
(ſee the laſt Figure) then the Arch A B, on which 
it ſtands, muſt be leſs than a Semicircle, and the 
half of it Jeſs than a Quadrant or a right Angle; 
but the Angle ADB in the Segment, is meaſured 
by the half of AB; therefore it 1s leſs than a right 


Angle. 

1 Cor. 4. An Angle in a Se- 
micircle is a right Angle. For 
ſince ABD is a Semicircle, the 
Arc AE D muſt alſo be a Se- 
micircle; but the Angle ABD 
is meaſured by the Arc 

AE D, that is, by half a Semi- 
E circle or Quadrant; therefore 


the Angle ABD is a right one. 


Cor. 


Cer. 5. Hence an Angle in a Segment leſs than a 
Semicitcle, as ABD, is great: 34 
er than a right Angle for ſince 
the Arch AB D is leſs than a , 
Semicircle, the Aich AED 
muſt be greater than a Semi- 
circle, and fo tis half greater 
than a Quadrant, i. e. than the 
Meaſure of à tight 8 15 
therefore the Angle A 5 
half the Arch A E D, is greater than a right Angle. 
64. If from the Center C of the Circle A BE, 
there be let fall the Perpendicular CD on the Chord 
AB, then that Perpendicular will biſect the Chord 


| from the Center to the Extremities of the Chord the 
iter two Lines CA, CB; then ſince the Lines C A and 
hus CB are equal, the Angles CAB, CBA, which they 
cle, ſubtend, muſt be equal alſo; (by At. 62. Cor. 2.) 
nich but the Perpendicular C D divides the Triangle ACB 
the into two right angled Triangles ACD and CDB, 
le; MW > which the Sum of the Angles Wing en 
red ACP and CAD in the one, is 
ght equal to the Sum of the Angles 
D CB and CBD in the other, 
Se- —_ 23 equal 7 a right An- ie 
rale, (by Cor. 2. of Art. o1.) but ar at 3 
* CAD is equal to C BD, there: 2 
Se- fore ACD is equal to BCD. So in the 
BD angles AED and BCD, the two Legs = 
Arc C in the one, are equal to the two Legs BC ahd. 
-mi- CD in the other, each to each relpeively,-and"the 
fore included Angles ACD and BCD are equals thefe- 
I fore the remaining Legs A D and B Dart equat (by 
the 62d) and conſequently AB biſected in U. 
65. If from the Ce C of a Circle A B E, chere 


Car. be drawn a Perpendicular CD on the Chord A B, 
and produced dll it meet the Circle in F, then, I 
1 5 tay, 
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D, which is meaſured by ; 


AB in the Point D. To demonſtrate. this, draw 


| 
| 
4 


ES 
£4. x. 


. . AI in os ing 
5 Þ ” 8 3 — 21 o EL BETS. — 
"x 82 — — a 
* 2 — 


a 2 rn 
— iz 


. 


Wa 
ER. IN * 
A — 

e : CI 
- 


+ 

1 

i 
rf 
* 

7 

4 

1 

If 

4 

4 
4 

1 5 

= 

"4 
l 

1 

j 

7 
v4 
* 

bs | 
N ” 
04 
HH 
1A 
A! 

* 
N - 
* 6 

KM} 
RE - 
4 
3 
\ 38 
fl 
"v8 
. : 
. . 
4 

* 

1 0 
one” 
4 

N 
il 

1 
„ 55h 
1 
[2 1d 
* * 
vw ity 
118 
Wy 

=, 

" 
145% 
1 
* ry, 
„ 

77 
. l 

* 
1 
5 
998 
3 1 
vY 
N. 

1 
f 
. 

1 


— — 2A * 

Sn SS; —— 
- — 

” 


* == = — - 


Ns Geometrical Propoſitions.” 


ſay, the Line C F biſects the Arch A B in the Point 
for (ſee the foregoing Figure) joiping the Points 
A and F, F and B by the ſtreight Lines AF, F B, 


then in the Triangles ADF, BDF, AD is equal to 


DB (by the laſt) and DF common to both; therefore 
AD and DF, two Legs of the Triangle AD F, are 
equal to B D and D F, two Legs of the Triangle 
BD E, and the included Angles A D F, B D F are 
equal, being both right; therefore (by the bd) the 
remaining Legs A F and FB are equal, but in the 


ſame Circle equal Lines are Chords o equal Arches, 


therefore the Arches A F and FB are equal, So the 


whole Arch AFB is biſected in the Point F by the 
Line CF. | 


Cor. 1. From the 64th it follows, that any Life 
biſecting a Chord at right Angles is a Diameter; 
for ſince (by the 64th) a Line drawn from the Center 
perpendicular to a Chord, biſecis that Chord at right 
Angles; therefore, converſely, a Line biſecting a 
Chord at right Angles, muſt paſs through the Center, 
and conſequently be a Diameter. 


Cor. a. From the two laſt it follows, that the Sine 
of any Arc is the half of the Chord. of twice the 


Arc; for (ſee the foregoing Scheme) AD is the Sine 
of the Arc A F, by the Definition of a Sine, and 


AF is half the — AFB, and AD half the Chord 


AB (by the 64th); therefore the Cor. is plain. 
66. In any re, the half of each Side is the 
Sine of the oppoſite Angle; 
for if a Circle be ſuppoſed to 
be drawn thro' the three an- 
gular Points A, B, and D of 
the Triangle A BD; then the 
Angle DAB is meaſured by 
half the Arch BK D (by Cor. 
1. of Art. 63); but * half 
of BD, viz. BE, is. the Sine of half the Arch 
B KD, viz, the Sine of BK (by Cor. 2. of the laſt) 


which 


4 * 1 
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wbich is the Meafure of the Angle BAD; therefore 


;. the half of B D is the Sine of the Angle BAD; the 
to ſame way it may be proved, that the half of AD 
re is the Sine of the Angle A BD, and the half of AB 
Te is the Sine of the Angle ADB. | 

* 67. The Sine, Tangent, Sc. of any Arch is call- 
re Ned alſo the Sine, Tangent, n E 
he c. of the Angle whoſe mea- 

he ſure the Arch 1s; thus becauſe 


the Arch G D is the meaſure * _ 
of the Angle GC D, and ſince K 
he GH is the Sine, DE the Tan- 9 
gent. HD the verſed Sine, A 
+> (E the Secant, alſo G K the 0 
er; N Co- Sine, BF the Co- Tangent, poet] | 
ter Hand CF the Co-Secant, Sc. . 
zht of the Arch G D; then G H is called the Sine, D E 
a che Tangent, Ss, of the Angle G CD whoſe mea- 
er, I ſure is the Arch GD. 
| 68, If two equal and parallel Lines, A B and 
ine CP, be 1 by two others, AC and BD; then 
theſe ſhall alſo be equal and parallel. To demon- 
ſtrate this, join the two oppolite Angles A and D 
ad Nvich the Line AD; then it is plain this Line AD 
5 divides the Quadrilateral, AC D B, into two Tri- 
angles, viz. ABD, A CD, in which AB, a Leg 


the Hof the one, is equal to DC a Leg of the other, by 
le ; Suppoſition, and A D is common to both Triangles - ,,. 
| to and ſince A B is parallel to CD, the Angle BA? 


will be equal to the Angle ADC, (by Art. 36.) 
herefore in the two Triangles, — 


the > A, and AD, and the Angle 

| by AD, is equal to CD and 

Cor. D A, and the Angle ADC, | | 

half Nhat is, two Legs and the in- C | 

\rch {cluded Angle in the one, is equal to two Legs and 
he included Angle in the other; therefore (by 


he 62d) BD is equal to A C, and ſince the Angle 
8 DAC 
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DAC is Way to the Angle AD B, therefore. the 
Lines BD, A C are Parallel (by Cor. Art. 60.) 

Cor. 1. Hence it is plain, that the Quadrilateral 
ABDC isa Parallelo, am, ſince the oppoſite Sides 
are parallel. 

Cor. 2. In any Patdllclberath, the Line joining the 
oppoſite Angles (called the Diagonal) as AD, divides 
the Figure into two equal Parts, fince it has been 
proved that the Triangles A BP, A CD are equal 
to one another. 

Cor 3. It follows alſo, that a Tie gle AC D on 
the bene Baſe C D, and between hes ſame Parallels 
with a Parallelogtam ABD C, is the half of that 80 
* . Ju 
Hence it is plain, that the gppolite ſides of 8 
N Pon are equal; for it has been proved T 
that ABDC being a Parallelogram, AB will be equal 
to C D and AC equal to BD. K 
- '69. All Parallelograms on the "fame or equal 


| Baſes, and between the ſame Parallels, are equal or 
to one another; that is, if BD and GH be equal, oy 
and the Lines BH . AF be parallel, then the _ 

Parallelograms AB DC, BDF E, and E FHG the 


are equal 1 to one another. For A C is equal to E F, 
each being equal to BD (by Cor. 4. of 68.) To both ky. 
add CE, then A E will be equal to CF. So in the; 5 
two Triangles ABE, CDF; AB, a Leg of the a; 
one, is equal to CD, a Leg in the other'; and AE is 2 
equal to CF, and the Angle BAE i is equal to the Angle np 
DCF (by the 37th); Therefore the two Friangles AF 
| * B E, CD F are ay (by the 62d); and taking 
| gg the Triangle C . 
from both, the 
| gure AB KC il 
1 5 Wi equal to the Fl. 
gure K DF E; "to 
— which add the 
| bale Triangle K BD. 
N In 


— 


equal; (for D B A is 
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then the Parallelogrtam ABD C will be equal to the 
Parallelogram BDF E. The fame way it may be 
proved, that the Parallelogram E F H G is equal to 
the Parallelogram E F DB; fo the three Parallelo- 
grams A B D C, B D F E, and EF HG will be 
equal to one another. | 

Cor. Hence it is plain, that Triangles on the ſame 
Baſe, and between the fame Parallels, are equal; 
ſince they are the half of the Parallelograms' on the 
ſame Baſe and between the ſame Parallels. (by Gor. 3. 
of laſt Art.) ITO | 

70. In any right-angled Triangle, A B C, the 
Square of the Hypothenuſe BC, viz. BCMH is 
equal to the Sum of the Squares made on the two 
Sides AB and AC, wiz. to ABDE and AC GF. 
To demonſtrate this; thro? the Point A draw AKL 
perpendicular to the Hypothenuſe BC, join AH, 
AM, DC, and BG; then it is plain that DB is equal 
to BA (by the gath), alſo B H is equal to BC (by the 
ſame); ſo in the two Triangles DBC, A BH the 
two Legs DB and BC in the one, are equal 
to the two Legs A B and B H in the other; and 
the included Angles DBC and A BH are alſo 
equal. to C B H being both 
right; to each add A B C, then tis plain that D BC 
is equal to A B H) therefore the Triangles D B C, 
AB H are equal (by the a 3 
62d),: but the Triangle C3 © 
DBC ishalfoftheSquare 
AB DE, (by Cor. 3. of 
68th) and the Triangle 
AB H is half the Paral- 
lelogram B K EH (by 
the ſame) ; therefore half 
the Square A D E is 
equal to half the Paral. 
lelogram BKL, H. Con- 
ſequentiy the Square 


[2 
- 
"Ty 
- 
, 
. 
* 
At 
= 
„ 
41 
4 
+ af 
* 
N 
tg 
= 
it 
7 
* 
- 
” 
i) 


- 
. 5 
£0 
* c 
f p 
1 
. 
1 
1 
1 
* 
F bY. 
. 
nun. ' 
'. 18 
| . 
| C 
C 
uf 
mm 
. : 
f 
! 
1 * 
4 . 
: 
14 
. 
1120 
* : 
+ x Ix 
= 
N 
+2008 
. „ 
\ \ 
"5h 
. 0 
. x 
* * 
*% s'z t 
>» 4 
Ll, 
j 1 
a ; 
1 . j 
. 
9 
N 
nr 
Me 
1 
| : 
4 
: 13208 
N * 
1 g 
9 
4 *F 
. 
4 
I. 
„ 
1 
„ 
®: 4 ny 
1 
1 | 
. | 
. 
W : 
„„ ; 
| f 
4 
oF 
43 
| 5 
9 
„ 
461 
i 
bn 
9 ö 0 
1 * 
IT 
E 1 
1 * 
„ ö 
. 
10 ” 
4 14 
I . 
* 
9 
{2 
vt 
my 
|. . 
d . 
N 
* oh . 
* ws 
i . 
| | 
* "ot 
(I 
* 1H 
= 21 . 
17 
4 
* 
i": ) 
Ln 6 g 
; 
4 
o "i 
k 
Mn 
vt 
£ 
7 
97 
* = 
* 
vu 
; 
* 


e cane — 
AB D E is equal to the Parallelogram B K L. H. 
The ſame way it may be proved, that the Square 
ACG F is equal to the Parallelogram K CML. So 

the Sum of the Squares AB DE and ACG F is ra 
the Sum of the Parallelograms BK LH and KCML; 
but the Sum of theſe Parallelograms is equal to the 
Square B CM H, therefore the- Sum of the Squres 


on A B and AC is equal to the Square on BC. 


Cor. 1. Hence in a right-angled Triangle, the Hy- 
pothenuſe and one of the Legs being given, we 
may eaſily find the other, by taking the Square of 
the given Leg from the Square of the Hypothenuſe, 
and the ſquare Root of the Remainder will-be the 


195 Leg required. 


Cor. 2. Hence, the Legs in a right - angled Tri- 


angle being given, we may find the Hypothenuſe, by 


taking the Sum of the Squares of the given Legs, and 
ng the ſquare Root of that Sum. 

71. If upon the Line AB there be drawn a Semi- 
rl ADB, whoſe Center is C, and on the Point 
C there be raiſed a Perpendicular to the Line AB, 


- viz. CD; then *tis plain the Arch DB is a Quadrant, 


or contains go Degrees; ſuppoſe the Arch DB to be 
divided into 9 equal Arches, each of which will 
contain 10 Degrees, then on the Point B raifing 


B E perpendicular to the Line A B, it will be a Tan- 


gent to the Circle in the Point B, and if to every 
one of the Diviſions of the Quadrant, viz. B-T0, 


B 20, B 30, B 40, &c. you draw the Sine, Fun- 


nt; &c. (as in the Scheme) we ſhall have the Sine, 

angent, &c. to every ten Degrees in the Qua- 
drant: and the ſame way we may have the Sine, 
Tangent, Cc. to every ſingle Degree in the Qua- 
drant, by dividing it into go equal Parts beginning 
from B, and drawing the Sine, Tangent, &c. to 
all the Arches beginning at the ſame Point B. By 
this Method they draw the Lines of Sines, Tangents, 
&c. of 0 certain rae on the. Scale; for after draw- 
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ing them on the Circle, they take the eng of hn of ch, 8 
and ſet them off in the Lines drawn for | 

The ſame way, Pars ſuppoſing the Radic © 91 . 
Number of equal (ſuppoſe 1000, or 85 
2 c.) 


26 9 r 
Sc. ) tis hin the Sine, Tangent, &c. of every Are 
muſt conſiſt of ſome Number of theſe equal Parts, 
and by computing them in parts of the Radius, we 
have Tables of Sines, Tangents, Fc. to every Arch 
in the. + ai called Natural Sines, Tangents, Sc. 
and the Logarithms of theſe give us Tables of Loga- 
rithmic Sines, Tangents, Oc. 
To underſtand the Nature of which, and the Me- 
thod of uſing them, you muſt know that Logarithms 
are only artificial Numbers, contrived to avoid lon 
Operations in natural Numbers, each of which has a 
rithm belonging to it. Their Nature is ſuch, 
thae Addition of them anſwers to Multiplication in | 
natural Numbers, and Subtraction anſwers to Diviſion ; 
thar is, when two Numbers are propoſed to be multi- 
- plied into one another, if we take the Logarithms 
anſwering to the Numbers and add them together, the 
Sum will be the Logarithm anſwering to the natural 
Number, which is the Product of the two Numbers 
_ Propoſed. . 
Again, -when one Number is propoſed to be di- 
vided by another, if from the Logarithm of the Di- 
vidend we ſubtract the Logarithm of the Diviſor, 
the Remainder. ſhall be the Logacithm of the Quo- 
tient. 
Now to apply this to practice: The firſt Table at 
the end of this Book, contains the Logarithms of all 
the Numbers from 1 to 10000; the Columns marked 
at the top with (V) contain the natural Numbers, and 
the adjacent Columns contain the Logarithms of theſe 
Numbers. So to find the Logarithm of any Integer 
Number between 1 and 10, ooo, we muſt look in the 
Columns marked with Meat the top, *till we find the 
Number propoſed; and that ſtanding on the fame 
A f Line da it im the W the Logarithet 
uire 
re Let it be required to find the; Lega | 
1. of. 365 by n+ in the Table according 


© "18 
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to the above Direction, I find it to be 2.56229. 
The Reverſe of this, viz, Given a Logarithm, to 
find from your Tables the natural Number anſwering 
thereto, is performed by looking into the Columns 


Fc. marked with Logarithm at top, for that which is 
— either equal or neareſt to the one propoſed, and the 
: Number anſwering to it in the adjacent Column is 
le- that required. | wt 
ms Example. Let it be required to find the natural 
ng | Number anſwering to the Logarithm 2.56229, by 
i. E according to the above Direction 1 find 
h. it to LL "4 7 8 
* | Koa, if it were required to find the Logarithm of 
by. a Number, having ſome Decimals in it. In order 
I to, do this, you may . obſerve in the Table of 
ns L ogarithms, that the Logarithm of 10 is 1, that 
he of 100, 2; and of 1000, 3, Sc. and the Loga- 
al rithms of all the intermediate Numbers between - 
rs 10 and 100, have 1 for the integral Part of each, 
and all thoſe between 100 and 1000 have 2 for 
.. their integral Part, and ſo on, which are called their 
ie Indices. | . 
r, Now becauſe any Number conſiſting of both In- 
ho tegers and Decimals, is equal to the Quotient of the 
whole conſidered as an Integer divided by the Deno-—- 
it minator of the decimal Part; and ſince by the Na- 
1 ture of Logarithms, Subduction in them anſwers 
. to Diviſion in other Numbers; therefore it follows, 
d that when a Number is given conſiſting both of In- 
2 . 5 and Decimals, we can find the Logarithm 
er anſwering thereto. in the following manner: vi. 
17 Find the Logarithm of · the whole conſidered as an 
* Integer; then from that take the Logarithm of the 
a Denominator of the decimal Part, or (which is the 


n ſame) from the Index of the Logarithm of the whole 
| conſidered as an Integer, ſubtract a Number leſs by 
Unity than the Number of Places in the Denominator | 


es . 
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of the Fraftion, and the Remainder will be the Lo- 
garithm required. 17 6 NET eee 

Example 1. Suppoſe you were to find the Loga- 
rithm of 36.5; to do this you muſt firſt look for the 
Logarithm of 365, which is 2.56229, then becauſe 
10 is the Denominator of the decimal Part of the pro- 
poſed Number, and 1.00000 it's Logarithm, therefore 
from 2.56229 take 1.00000, and there remains 1.562 29 
the Logarithm required. | 1 

Example 2. And to find the Logarithm of 6.543, 
Firſt find the Logarithm of 6543 conſidered as an In- 
teger, which by the Tables you will find to be 3.8 1578; 
then ſince 3.00000 is the Logarithm of 1000 the Be- 
nominator 'of the fractional Part, therefore from 
3-81578 take 3 00000, and there will remain 0.81578, 
which is the Logarithm required. 

The Reverſe of this, viz. the Logarithm of a 


. Number conſiſting of Integers and Decimals being 


given; to find that Number, is performed according 
to the following Method. | 
Rule. Look in your Table of Logarithms (with- 
out regarding the Indices) for that ,whoſe decimal. 
Part is equal or nearly equal to the decimal Part of 
the Logarithm propoſed; then ſubtract the Index of 
the former from that of the latter; and laſtly divide 
the Number anſwering the Logarithm found in your 
Tables, by a Number conſiſting of an Unit, and as 
many Cyphers as there are Units in the difference 
between the two Indices; or, which is the ſame, 
cut off as many Figures (beginning at the loweſt place) 
of the Number anſwering to the Logarithm in 
your Table, as there are Units in the difference of 
the Indices, and the Number laſt found will be that 
required. ES} | 
Example. Suppoſe it were required to find the Num- 


ber anſwering to the Logarithm 2.73608. 


In order to do this, I look in the Table of Lo- 


garithms (without regarding the Indices) for that 
| | whoſe 
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whoſe decimal part is equal, or nearly equal, to 
73608, the decimal part of the Logarithm propoſed, 
and I find it to be 3.73608 from the Index of which, 
viz. 3, I take 2, the Index of the propoſed Loga- 
rithm, and there remains 1; laſtly, I divide 5446, 


the Number anſwering the Logarithm found in the 


Tables, by 10, and the Quotient 544.6 is the Num- 
ber required. 5 | „ 
The Reaſon of this and the preceding Rule, is plain 


from the very Nature of Logarithms. 


From what has been ſaid on this Head we may ea- 
ſily ſolve the following Problems by the Logarithms: 
vix. | | 
Prob. 1. Given two Numbers, as 25.6 and 124, to 
find the product of their Multiplication. | To ſolve 
this by the Logarithms, I firſt look for the Logarithm 
of 25.6 which I find to be 1.40824, then for that of 
134 which is 2.12710; then I add theſe two Loga- 
rithms together, and their Sum is 3.53534, which is 
the Logarithm of their product; fo I look in my 
Table for the Number anſwering to 3.53534, and I 
find it to be 3430, which is nearly equal to the pro- 
duct of 25.6 in 134. Hoch N 

Again, if it were required to find the Product 
of 36 into 234, I proceed as in the laſt Example, 
and the Operation 1s as follows : 


2.36922 the Logarithtn of 234 5 
1.55630 the Logarithm of 35 


Sum 3.92552 the Logarithm of their Product 
which, by the Table, I find to be 8424, which is the 


Product of the two Numbers propoſec. 4 
Prob. 2. Let it be required to find the, Quotient. 
that ariſes by dividing one Number by another, ſup- 


ww. 


poſe 828 by 23. 
= -:- 


* 
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Io ſolve this by the Logarithms, I firſt look in 
the Tables for the Logarithm of 828, the Dividend, 
which I find to be 2.91803 ; then for the Loga- 
rithm of 23, the Diviſor, which is 1.36175, and this 
laſt taken from the former Logarithm, there te- 
mains 1.55630 the Logarithth of the Quotient, 
which anſwers to the Number 36 the Qubtient re- 
quired. 8 . poll 
Again, let it be required to divide 3655 by 47 ; by 
proceeding aceording to the laſt Example, the Opera- 
tion will be as follows : n 


3.48501 the Logarithm of 2055 the Dividend, 
1.62210 the Logarithm of 47 the Diviſor, * 


1.81291 the Logarithm of the Quotient. 


which anſwers to the Number 65 the Quotient re- 
uired, | 9 7 | 
Prob. 3. Three Numbers being given to find a 
fourth proportional to them, viz. Such as Thall have 
the ſame Proportion tc the third as the ſecond has to 
the firſt. 5 D . | 
Rule. Take from the Tables the Logarithm of 
each of the propoſed Numbers, then add the Loga- 
rithms of the ſecond and third together, and from the 
Sum take the Logarithm of the firſt, and the Remain- 
der _ be the Logarithm of the fourth Number re- 
uired. RN | PAS, 
| 15 Example. Let the three propoſed Numbers be 36, 
48, 66, to which we are to find a fourth proportional; 
by the preceding Rule, the Operation will ſtand as 
ollows: 5 fy 


e 1.68124 the Logarithm of 48 the 2d Term, 
x il the Logarithm of 66 the 3d Term, 
; 078 the Logarithwr of their Produtt, .,. 
1.55630 the Logarithm of the 1ſt Term, 36. 
T:94448 the Log. of the 4th Term required. 


r 


„lich by Jooking -inxo the Thble,/ 1 Bil e e 
the natural an 88, which is the 4th proportional | 


G Peng, 


2. 


to the three propoſed Numbers. 

Again, let it be required to find a fourth por-" 
tional to the three Numbers 24, 144; 1243; by pro- 
ceeding according to the egnng 8 ce 0 
tion will ſtand as follows: 


2.15836 the Logarithm of the 2d Tem TR 
2.05991 che Logarithm of che dr Term 123. 9 
8 
4.24827 the Logarithm of their Product, ne 
1.3802 1 the Logarithm of che eſt Term 24. —— 


— -- 


2.86806 the Log. of 738, the 4th Number required 
Prob. 4. To find the Square of any Number by 


Logarithms. 


Rule. Multiply the Logarithm of the given Nam- | 
ber by 2, and the product is the ee e thy 


Square ſought. 


Example. Required to find the Square of 6 Firſt- | 
I look in the Table for the Logarithm of 36, and 


find it to be 1.55630, which doubled, gives 3.11260 


the Logarithm of the Square ſought, which by In- 
ſpection I find anſwers to the natural Number 1296 _ 
the Square of 36, viz. the product of 36 multiplied | 
into itſelf, 

Prob. 5. To extract the ſquare Root of any pro- 
poſed Number, i. e. to find a Number which multi- 
plied into itſelf, ſhall produce the given Number. 

Rule. Divide the ha of the propoſed Num- 


ber by 2, and the Quotient will be the Logarithm of 0 45 


the ſquare Root required. 
Example. Required- to find the ſquare Root of. 


1296. Firſt 1 look in the Tables for the Logarithm 


of 1296, and find it to be 3.11260, which divided 


85 2 gives 1.55630 for * 5 
| 5 oot, 


4 
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36 the Root required. 


and Minute in the Quadrant, in the natural Tables, 

we take the Logarichm agreeing to each, we ſhall: 
have a Table of Logarithmic Sines, Logarithmie 
Tangents, Sc. as it is in the ſecond Table at the End 
of this Book. 

In which you may obſerve, that each Page i is di- 
vided into eight Columns, the firſt and laſt of which 
are Minutes, and the intermediate ones contain the 
Sines, Tangents, and Secants; the upper and lower 


on the left Hand of each Page, anſwers to the De- 

| in the top Column; and the Sines, Tangents, 
and Secants, belonging to theſe Degrees and Minutes, 
are in-the Columns marked at the top with the Words, 
Sine, Tangent, Secant; the Column of Minutes on 
the right Hand of each Page, anſwers ro the Degrees 
in the foot of the Page, and the Sines, Tangents, and 
Secants, anſwering to theſe Degrees and Minutes, 
are in the Columns marked at the bottom with the 
Words, Sine, Tangent, Secant ; the Degrees in the 


they end, and thoſe at the foot of the Page begin 
at 89 proceed to 45 in a decreaſing Series, the De- 
grees in the different Columns being the Comple- 
ment of each other. From what has been faid, 
we may caſily find the Sine, Tangent, or Secant, of 
any Arch, from our Tables, by looking for the given 
Number of Degrees at the head or foot of the Page, 
according as they are leſs or greater than 45, and in 
the proper ſide Column for the odd Minutes, if there 
be any; then below or above the Word, Sine, Tan- 
gent, or Secant, and on the ſame Line with the Mi- 

Buten, we ſhall have that required. 
| Example 1. Required to find the Sine of 36 tee. 
40 min. To find this, -I look at the Head of the Page 
57 . 


2 N | 
= and the natural Number en thereto is 
If for the Sine, Tangent, Ec. of every Dee | 


Columns contain Degrees; the Column of Minutes 


top Column beginning at o, proceed to 44 where 


— 
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for 36 d. and in the fide Column, on the left Hands 
for 40 min. then below the Word Sine, and on: the 
ſame Line with 40, I find 9.77609, which is that re- 
Example 2. Required the Tangent of | 54 dg. 0 
min. Io find this, I look at the Foot of the Page 


* 


= 
: 


for 54 deg. and in the right hand ſide Column for 30 
min, then in the Column marked with Tangent at it's 
Bottom, and on the ſame Line with the 30 min. in the 
ſide Column, I find 10. 14673, which is the Log. 
1779 Will. 10095 ne 
The Reverſe of this, viz. the Logarithm of a Sine, 
Tangent, or Secant, being given, to find the Arch 
belonging to it, is performed by only looking in the 
proper Column for the neareſt Logarithm to that pro- + 
poſed, and the Degrees and Minutes anſwering thereto - 
is what was requi ee. 
In theſe Tables the Secants might have been want- 
ing, becauſe all the Proportions in which the Secants 
are concerned may be wrought without them, by the 
Sines and Tangents only, as ſhall be ſhewn particularly 
in the Solution of the ſeveral Caſes of plain Trigono- 
72. Inany Triangle, £71 * 
ABC, if one of it's N 
Sides, as A C, be bi- 
ſeed in E, (and con- 
ſequently A C double 
of AE) and through E 
be drawn E D, paral- 
lel to BC, and meet- _ 33 
ing A B in D; then ALC_- ——» 0 | 
ay, BC will be double 8 
ot ED, and AB double of A D, through D draw 
D F, parallel to A C, meeting BC in F: For ſince by 
Conſtruction, DF is parallel to AC, and PE paral- 
lel to BC; therefore, (by = 37.) the Angle B 4 5 | 
| 15 


(becauſe the Degrees propoſed are greater than 43) 


3434 „ Geometrical Propoſitions. | | | 
will be equal to the Angle BCA, (and by the ſame 
Article) the Angle BCA will be equal to the Angle 
DEA, conſequently the Angle BFD will to 
the Angle DEA; alſo . 37.) the Angle BDF 
will be equal to the A DA E; and fince DF is 
parallel to EC, and DE 2 parallel to FC, the quadrila- 
teral DFCE will be a Parallelogram; ahd 
(by Art. 60. Cor. 4.) DF will be equal to EC, which, by 
: Conſtruction, is equal to AE; foan the two Triangles 
'BDF, DAE, the two Angles BFD and BDF 
in the one, are equal to the two Angles DE A and 
DAE in the other, each to each reſpeQively ; and 
the included Side DF, is equal to the included Side 
AE; therefore, (by Art. 62. Cor. 1.) AD will be 
equal to D B, and conſequently, A B double of AD, 
alſo (by che ſame) DE will be equal to BF; but DE, 
ĩs alſo by Art. 68. Cor. 4.) equal to FC; therefore 
BF and EC together, or BC will be double of D E. 


After the ſame 
. Manner it may be 
- proved, that if in the 
Triangle A K G, 
A E be taken equal 
to a third Part of 
A K, and through 
E be drawn E P, 
| parallel to K G, and 
meeting AG in D; then E D will be equal to a third 
Part of GK, and AD equal to a third Part of AG. 
c Likewiſe if in any Tri- 
| angle ABC upon the Side 
A B, be taken A E, equi 
to one fourth, one fifth, 
one ſixth Sc. of AB, 
B and through E be drawn 
E D parallel to BC and 


meeting AC in D; then DE will be the one-fourth, 
one fifth, one ſixth, Fc. of BC, and AD bg 
Le OY 1 2 


"'E 
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like Part of AC; and, in general, if in any Triangle 
ABC, there be aſſumed a Point E, on one of it's 
Sides A B, and through that Point be drawn a Line 
ED, parallel to one of it's Sides B C, and meeting 
the other Side A C in D; then whatever Part AE is 
of AB, the ſame Part will ED be of BC and AD of 
ef A +» tab een ee 
Cor. Hence it follows, that if in any Triangle ABC, 
there be drawn ED, parallel to one of it's Sides B C, 
and meeting the other two in the Points E and D, 
then AE: AB:: E D: BC: : AD: AC, that is 
A E is to AB, as ED is to BC, and that as A D to AC. 

73. If any two Triangles A B C, a be are ſimi- 
all the Angles | 
of the one, e- 
qual to all the 
Angles of the 
other, each to 
each - reſpec- 
tively, that is, A 15 
the Angles . | | 
CAB equal to the Angles c a b, and the Angle ABC 
equal to the Angle abc, and the Angle ACB 
equal to the Angle ac b; then the Legs oppoſite to 
the equal Angles are proportional (viz.) AB: ab:: 
AC: ac; and AB: ab:: BC: bc; and AC: ac:: BC: 
be. On AB of the largeſt Triangle fet off AE e- 
qual to a b, and through E draw E D parallel to 
BC, meeting AC in D; then ſince DE and B C are 
parallel, and A B croſſing them, the Angle AED will 
(by Art. 37.) be equal to the Angle ABC which (by 
Suppoſition) is equal to the Angle a bc, alſo the 
N 2s DAE is (by Suppoſition) equal to the Angle 

a b, ſo in the two Triangles AED, abc, the two 
Angles DAE,. AED of the one, are equal to the 
two Angles c a b, abc of the other, each to each re- 
ſpectively, and the included Side AE is (by Conftruc- 


1 4 b 


tion) equal to the included Side a b; therefore, (by 


D 2 Art. 


4 
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Art. 62. Cor. 1.) AD. is * to ac, and DE equal 
to cb; but ſince in the ABC, there is 
drawn DE parallel to B C one mew. it's Sides, and 
meeting the two other Sides in the Points D and E, 
therefore (by Cor. Art. 72.) AB: AE: : AC: AD, 
and AB: AE :: BC: DE, and AC: AD: * BC: DE, 


and in the three laſt Proportions, inſtead of the Lines 


AE, DE, and AD, putting in their Equals a b, be, 
and ac, we ſhall have AB:ab:: AC:ac, and AB 
s 9 : BC: bc, and laſtly, AC:ac::BC: bo. 
The Chord, Sine, Tangent, Sc. of any 
45 in one Circle, is to the Chord, Sine, Tangent, 
Se. of the fame Arch in another, as the Radius of 
the one is to the Radius of the other. Let A BD; 


a bd, be two Circles, B D bd, two Arches of theſe 
Circles, equal to one another, or conſiſting of the 


dame Number of Degrees; FD, fd, the Tangents, 


BD, bd, the Chords, BE, be, the Sines Sc. of 
theſe two Arches BD, bd, and CD, cd, the Ra- 
dii of the Circles; then I ſay, CD: od : FD: fd, 


and CD: cd: : BD: bd, and CD: cd: BE:: be, Ee. 
For ſince the Arches BD, bd are equal, the An Jes 


BCD, bed will be equal, and F D, fd, being 


gents to the Points D and d, the Angles CD F, cd 47 
will be equal, being each a right Angle; (Art. 23.) 


ſo in the two Triangles CDF, cdf, the two Angles 
F CD, CDF, of the one, being equal to the two 
0 ' Angle 
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-Angles fe d, df, of the other, each to each, the 
remaining Angle CFD, will be equal to the remain- 
ing Angle of d; (by Art. 61.) therefore the Triangles 
CFD, ef d are ſimilar, and conſequently, (by Art. 
73.) CD ed: : FD: fd. In the fame Manner it 
may be demanſtrated, that CD: cd: BD: bd, and 
CD: cd»: BE: be, Sc. 
776. Let: AB D be a uadrant of s Circle deſcribed 
by the Radius CD; BD any Arch of it, and BA 
it's Complement, BG or CF the Sine, CG or BE the 
Co-Sine, D E the Tangent, and CE the Secant of 
that Arch BD. Then ſince the Triangles CD E. 
.CGB are ſimilar, or equi - angular it will be (by Art. 


73.) DE: EC:: GB: BC, i. e. | E 
the Tangent of any Arch, is to 1 
the Secant of the ſame, as the A BY. | 


Sine of it 1s to the Radius. Al- E 
ſo ſince DE: EC:: GB: BC, 
therefore by inverting that Pro- 
portion we have EC: DE: 

BC: GB, i. e. the Secant is to C 
the Tangent, as the Radius is 

to the Sine of any Arch. 

Again, ſince the. Triangles CDE, CGB are Imi. 
lar, therefore (by Art. 73.) it will be CD: CE: 
CG: CB, i. e. as the Radius is to the Secant of any 
Arch, ſo is the Co- Sine of that Arch to the Radius 
And by inverting the Proportion we have this, viz. 
As the Secant of any Arch is to the Radius, ſo i is the 
Radius to the Co-fine of that Arch. 

76. In all Circles the Chord of 60 i is always equal 
in Length to the Radius. | | 
Thus in the Circle A E BD. 
if the Arch AEB be an Arch 
of 60 Degrees, then drawing 
the Chord AB, I fay AB 
ſhall be equal to the Radius 
_ or AC, for i in the Tri- 


D 3 angle 


— 


Auired. 
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angle ACB; the Angle AC BB is 60 Degrees, being 
— by the Arch! AEB; therefore the/Sum bo 
the other two Angles is 120 Degrees, (by Cop: 1. 
of 61ſt) but ſince A C and CB are equal to the two 
Angles CAB, CBA will alſo be equal ; conſequently 
each of them half their Sum 120, Ui. 60 Degrees; 
therefore all the three Angles are equal to one another, 
= 75,0 all the Legs, Reine 1 B es ge to 
C 
C. Hence the Radius from which” the Lines A 
pe: Scale are formed, is the Chord of _ on the oy 
of Chords. A. 
i thus gone chrough the Thovedas of Cond. 
try, that are neceſſary for the Knowledge of Navipe- 
tion; we ſhall next proceed to ſome an og 
are uſeful for the Practice of that Art. 
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Geometrical Problems. 


Prob. ROM a Point C in a given Line 4 B to 
I. ' raiſe a Perpendicular to that Line. 
Rule. From the Point C take the equal Diſtances 

CB, CA on each Side of it. Then ſtreteli the 

b. Compaſſes to any Diſtance great 

| 6 wo] . F er than CB or CA, and with 
5 he.) one Foot of them in B, ſweep 

WY E H the Arch E F with the other; 

| ; FE Ive again, with «the fame 

* and one Foot in A, ſwee 

A Arch G H with the . 

theſe two we Fo will interſe& one another in the 

Point D; then join the given Points C and D with 


the Line CD, and that ſhall be the De | 


U CA ALS - © 


7 


S DN. 


2. To qivide a given right Line AB into two: 6 
qual Parts; that is, to biſect it. 7 

© Rule. Take any Diſtance with, your Compeſts that 
you are ſure is greater than half the given — e 
| ang 


' Grometrical Problems. 
ſetting one Foot of them in 


with the other ſweep the Arch 
DFC; and with the ſame 


Diſtance and one Foot in A, A —— 

with the other ſweep the Arck F N 
CED; theſe two 1 3805 
will interſe& one another in * IN 
the Points C, D, which join d A o% 


by the right Line DC will biſe A B in G. 

3. From à given Point D, to let fall 2 geren. 
cular on a given Line AB. 

Rule. Set one Foot of the Compaſs in yu Pain 
D, and extend the other to any Piſtance greater 
than the leaſt Diſtance between ——— Point 
and the Line, and with that © 
Extent ſweep the Arch A EB, 
cutting the Line in the two 
Points A and B, then (by the 
laſt Problem) diſect the Line 
AB in the Point C, laſtly join & 
C and D, and that Line C D is 
the Perpendicular required, 

4. Upon the End 
B of a given _u 
13 B. A, to rai 

rpendicular.” 

"= Take any 
Extent in your Com- by 
paſſes, and with one * * gs 
Foot in B fix the o- *— — * E — ee 
ther in any Point C, | | 
without the given Line, then with one Point of the 
ies in C, deſcribe with the other, the Cirele 
Fand thro' E and C draw the Diameter EC D 
ting the Circle in D; join D and B, and the i right 


(by cn ee 8 


ine DB is that required; * E 5 D is a e ap _ 


FE Wa 525 J Kee: 
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5. To draw one Line parallel to another given Line 
A B, that ſhall be diſtant from nee by any 
given Diſtance D. 1 8 
Rule. Extend your Compaiiee to «i Siren Diſtance 
D; "then ſetting one Foot of them in any Point of 
the given Line (ſuppoſe A) with the other ſweep. the 
Arch FCG; again, at the ſame Extent, and gre 
Foot in any other Point of the given Line B ſweep 
the Arch HDE, and draw the 1 CD 2 
them, and that will be parallel to the given Line 
AB, and diſtant from it 1 the Line D as. Was 
required. | 194. 


6. To Aivide a giren « i A B into any Number 
of equal Parts, ſuppoſe 7. 1.2? vi 1 

Rule. From the Point A draw any * AD, 
making an Angle with the Line A B, then thro' the 
point B draw a Line BC 1 way 2 from A, 


_ 7 
” 


n eee aF.n Member af 
„ z «© equal Parts (on 
9577 7 | the Line A D) 
s ; 2 1:15. Jeſs by 
5 7 tdtthan the pt 
— e Number 2 
C- | | | 
6); then from £ 


ſet off the fame Number of — ſame Parts on the 
ine BC; laftly Join 1 and 6, 2 and 5, 3 8nd o. 
4.9 


Fl . v 


e nden. + Pak 
and 3, g and 2, 6 and 1, and theſe Lines will cut 
he given Line as required. | i 
7. To quarter a given Cir- . 
le, or to divide it into four 
Naval Parts 
Rule. Thro the Centre C 
f the given Circle draw a Di- 
meter A B, then upon the 
Point C raiſe a Perpendicular 
WD CE to the Line AB; and 
heſe two Diameters AB and DE ſhall quarter the 
ircle. 

8. Thro' three given Points A, B, and D, to draw 
a Circle. (Note, the three Points muſt not be i in the 
Game be Line.) | 
Rule. Join A and B alſo B and D with the ſtreight 
Lines AB, BD, then by Prob. 2. biſe& AB with 
ne Line EC, alſo BD —— FC, ann 
Lines will cut one another 
in ſome Point C, that is the 
Center of the Circle re- 
2 8 then fixing one 
oint of your Compaſſes in 
© * ſtretching the o- 
ther to A, deſcribe the 
Circle ABDG, which will 
paſs thro' the three Points 
given. The Reaſon of this 
is plain from Cor. 1. of Art. 
6 


5. 

9. From the Point A of the given Line AB, 0 
draw another Line (ſuppoſe AC) that ſhall — 
wy AB an Angle of any Number of Degrees, ſup- 

e 45. 
Rube. Let the given Line AB be produced, then 
take off your Scale the Length of the Chord of 60 
Degrees, which is equal to the Radius of the Circle 
me Scale was made for (oy Art. 76.). And 1 
Foot | 
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Fodt in A, with the other ſweep. he Arch BC; then 
with your Compaſſes take from your Scale the Chord 
of 45 Degrees, and ſet off that Diſtance from B to C. 
Laſtly join A and C, and the Line A C is that re- 
quired. For the Angle CAB, which is meaſured 
by the Arch BC, is an Angle of 45 D as Was 
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"46; kn Angie'BA O beg given, to ad ber 
many Degrees it contains. l 
Rule. With your Compaſſes take the Length of 
the Chord of 60: from your Scale, Then ſetting one 


Foot of them in 
2b A, with the other 
* _-ſweep the Arch 

: BC, which is 
the Arch compre- 
ont ended between 


the two Legs AB, 


AC ps if needfal. Laſtly, take with your 


Compaſſes the Diſtance B C, and applying it to 
your Line of Chords on the Scale, you'll find how 
many Degrees the Arch BC — 2 and conſe- 
quently the Degrees of the Angle BAC, which was 
uired. 
i: 1. Three Lines x, y, and z being given, to form 
à Triangle of them, but any two of theſe Lines 
=_ together, muſt always be greater than the 


* : 


cee Problems, 43 
Rub. Make any olle of them; as #, the Baſe 5 then 


bord WW. ith your Compaſſes talte another of them, as 2, and 
to C. tting one Foot in one End of the Line æ, as B, 
tre. ich the other ſweep the Arch DE; and taking with 
ured Your Compaſſes the Length of the other y, ſet one 


Ar Foot of them in A, the other End of the Line x, and — ; 
ch che other ſweep the Arch FG, which will cut 

Fw; he other in C; laftly, join CA and CB, and the 

. riangle CA B is that required, TREES 

>. e nav. 46g N.. E 

3 Y 1 * 
0 12. To make a Triangle having one of it's Legs 


of any Number of equal Parts (ſuppoſe 160), and one 
of the Angles at that Leg 30 Degrees and the other 
8. 3 . | WW 


44 p87. ii JA 20k + 
Rule.. Draw an indefinite Line E D, then take off 


one 0 
n in che Line of equal Parts with your Compaſſes 160 ↄf 
other them, and fer them on the indefinite Line, as BCG; 
Arch chen (by Prob. g.) draw BA, making the Angle 


1 is e Degrees, and by the ſame, draw from C ; 
pre- the Line 5 pate Angle A CB of 44 Degrees; 85 
ween which two Lines will meet one another in A, and the 
AB, Triangle A B C is that required. e 


9 Geometrical Problems. 
13. Upon a given Line AB to make à Square. 
Rule. Upon the Extremity A of the given Line 
AB. raiſe a Perpendicular AC (by Prob. 4.) 3 then 
ae AC eqs to 17 and with that Extent, ſettin 
| | : | 3 Foot -_ the Com 
ada? waht; in C, Wich the 
oY N. „ Þ other — Firs Arch 
| GH, then with the fame 
- Extent and one Foot in B, 
with the other ſweep the 
* Arch E F, which will 
7 B meet the aer! in ſome 
Point D; laſtly, join C 
and D;/D _ B, "4b the Figure ABDC wil be 
the-Square. require 
| 8 On a given Line A'B to draw a Rhomb that 
"ſhall have one of 1 = eat equal to any Number of 
'De ſu o Degrees 
F ir . — Point A of the given Line Ay draw 
the Line AC, making the Angle CAB of 60 Dep, (by 
Prob. g.) then take A C equal to A B. 1 with 
that Extent” fixing one Foot of the Compaſſes in B, 
with the other deſcribe the Arch G H, and at the 
fame Extent fixing one Foot of the Compaſſes in C, 
with the other deſcribe the Arch E E cutting the 
former in D; laſtly, join CD and DB and the Fi- 
| e ACDB 1 E 
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n Geometrical Problems. - 48 
16. Given two Lines ꝶ and 2, of theſe tyo to make |. 
a Rectangle. bY, 

Rule. Draw a Line, as AB, equal in Length to one 
of the given Lines x, and on the Extremity A of that 
Line raiſe a Perpendicular A C, on which take AC 
equal to the other Line z; then take with your Com- 
paſſes the Length of the Line A B, and at that Extent 
fixing one Foot of them in C, with the other ſweep 
the Arch E F; and alſo taking with your Compaſſes 
the Extent of the Line A C, fix one Foot of them in 
B, and with the other ſweep the Arch GH, which 
will meet the former in D; laſtly, join C D and BD, 
and the Figure AB D C will be that * 


* 
„„ 


jo 16. Two Lines x and z being given, of theſe to 
[4 form a Rhomboides that ſhall have one of it's Angles 
any Number of Degrees, ſuppoſe go. 
Rule. Draw a Line AB equal in Length to one of 
the Lines as x, then draw the Line AC; making with 
the former the Angle BA C equal to the-propoſed, 
ſuppoſe 30 Degrees, and on that Line take AC equal 
to the given Line 2, then with your Compaſſes take 


the Length of A B, and fixing one Foot in C _ | 


the, Arch EF,; alſo taking the Length of A 
and ſetting one Foot in B, with the other ſweep 20 
W IND Arch 


1 - * 
* * 
. „ 


* 


Arch GH, which wil ove the former „ — ol 


& 2 


join CD and DB, ſo the m ACDB will be that 
required, | 
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SECT. l. 


Of Plain TRIG ONOMETRY, Right and obige 
| Angled. 


LAIN TRIGONOMETRY i is "that Science 
by which we meaſure the Sides and nen of 
* Triangles. 

2. Since Triangles are either right-« or rob ue an- 
gled; therefore Trigonometry is commonly divided 
into two kinds, viz. Rett angular and Oblique- ny" | 
and firſt we ſhall treat of Re&angular. '. 

3. In any right-angled: Triangle as A BC; if the 
Hypothenule be made the Radius, and with that a 
Circle be deſcribed on the one End A as a Center; 
then tis plain that BC will be the Sine of the Angle 


* oh Art. 21. of Se. I.); and if with the ſame 
Pong 


4 2 ** A 
— * * 
. 


"- ſcribed, tis plain that 


fore, in general, if the © 


ter E deſcribing a Circle, the 


Tangent of the Angle at E, and 
the eee DE the Secant D 


Plain Trigonometyy: 


KS 4 . 4 5 „ * * 0 : 
Diſtunce, and on Ba a˖ů 1 
. ; 
24 „ 2 1 


Centre, a Circle be dee. 


AC will be the Sine of 
the Angle ABC; there- 


Hypothenuſe of a right 5 
angled Triangle bemade & 
the Radius, the two Legs 

will be the Sines of their 


oppoſite Angles. 


4. If in a right-angled Triangle DEF, one of 
the Legs, as D F, be made the Radius, and on the 
Extremity D (at one of the oblique Angles, viz. 
that which is formed by the Hypothenuſe and the 


Leg made Radius) as a Center, a Circle be defcribed ; | 
tis plain, that the other Leg EF will be the Tangant 


of the Angle at D, and the Hypothenuſe DE will be 
the Secant of the ſame Angle. 
(by Art. 24, 25, 67. of Seck. I.) 
The ſame way, making the Leg 
E F the Radius, and on the Cen- 


other Leg DF will become the * 


of the ſame. 


5. It has been already ſhewn, at Art. 74 of $8.1. " 


that the Chord, Sine, Tangent, Sc. of any Arch, 
Angle, in one Circle, is proportionable to the Chor 


6. Since Trigonomety conſiſts in determ nine 


Angles and Sides from others given, there ariſe Va- 


rious Caſes, which are ſeven in fectangular ant ix in 
oblique · angular Trigonometr r.. 


Sine, Tangent, Fc. of the ſame Arch in any other 
Circle; from which, and the two foregoing Articles, 
the Solutions of the ſeveral Caſes of rectangular Tri- 
gonometry naturally follow. 


N 
| 
; 
| 
1] 
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* | Ne Erigtmonetry. | 
We all now proces wth clue che fore 


* 
2 = 
1 1471 


The Angles and one of the Lr f given, to find the 
ether Leg. 

Example, In the Triangle ABC right-angled at 
B, ſuppoſe the Leg AB, 86- equal Parth, (as Feet, 
Yards, N Miles, Cc.) and the Angle A 339, 400, re- 
A l. the other Leg B C in the ſame Parts with 


33 | I'x 


Draw AB equal to 86, from any Line of equal 
Parts, then (by Prob. 4. of eck. I.) upon the Point 
| B, ere& the 1423 
BC; laſtly, from the Point 

„ A draw the Line: AC, 

making with A B an Angle 
equal to 335, 400, and that 


* Line produced will meet 


.  ; BC in C, and fo conſti- 

A — BB tute the Triangle. The 
„ Length of BC may be 
: found by taking it in your 


5 2 — Compaſſes, and applying 


8 r 
| By Calculation. | 


Firſt weking the Hypothenuſe A C Radius, 
| o Legs will be the Sines of their oppo- 
ite Angles (by Art. 3. of this) viz. AB the Sine of 
1 and CB the Sine of A; now ſince (by Art. 74. 


Se, I.) the Sine, T angent, Sc. of any Arch in 
one 


* 
r I EET 


dne Circle is proportionable to the Sine, Tangent, 
Er. of the ſame Arch in any other Citcle, s plain, 
the Sines of the Angles A and C in the Circle de- 
ſcribed by the Radius AC, muſt be proportional to 
the Sine of the ſame Arches or Angles, in the Circle; 
that the ſecond Table at the End of this Book was 
calculated for; fo the TOO for finding BC 
will be 
: AB:: S, A: BC; | 
1. e. as the Sine of the Angle C in the Tables, is to 
the Length of A B (or Sine of C in the Circle whoſe _ - 
Radius is A C) ſo is the Sine bf the Angle A in the 
Tables, to the Length of BC (or Sine of the lame | 
Angle in the Circle whoſe Radius is A C). b = 7 
Now the Angle A being 339, 40, the Aj ngle. 0 — 
wuſt be 569, 20” (by Art. 61. Cor, 2. Set. I.); AG i] 
fore looking i in the ond Table at the End of this 
Book for the Sines of the two Angles, and in the 
firſt for the Logarithm of 86 the given Leg, we 
ſhall find by proceedihg according to the foregoing 
Proportion, (and by Prob. 3. in Art. 7 1. Se. I.) that 1 


the fequired C, is 55 283 and og Operation 


e 


will ſtand as follows: 
193450 AB 86 


9.74380 8, A 33%, 4% 


11.678 30 "INT. 
9.92027 8, C 36, 200 


1.75 803 BC 57.28 
2dly, Making AB the Radius tis plain BC, the <1 
Leg required, 1 be the Tangent of the given 
Angle A {by the 4th of this), and ſo the Propor- 
tion * —_— BC, when AB is made the 0 


— 


po- will be, 

of | RR: T, A:: AB: BC; 0 

7 6 7. e. as the Radius i in the Tables, is to 2M Tanger © 
in & che Aogle ee 


as or Radius in the Sch 
& Ta gent of A in the 
portion, and 

that Rule, we 


roceedin 
all find 


. pee. 
to the 
me; ther dre looking in 
ables for the Parts 2 in the 3 


0 "tobe 5748 6h 
nc he es wg Wh 
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them accord! 


91 


T. A 33e, 4 


1 
= 
>. 


AB 86 


z 
1 


Rad. 900 | 
77380 BC 35s 
Lay, by making BC, the Leg required, tha 


Radius, tis plain that A B will be che Tangent of 
O, and the Proportion for finding B C will be. as 


follows : | 
T,C:R::AB:BC; 


J . e. as the Tangent of 550, 200 
is to Radius - .909 | - 
ſo is the Length of AB -. 86. ,- -- 


* 0 


5 7 oy 11.93450 
1 0 LM 10. 17648 


wo the Length of BC a - 57-28 
CASE "5 
The Angles ond one of the Legs given, to o fad 15 


ee 
In the Triangle ABC, ſuppoſe A B 
. ot the Angle A 342, 20'; conſequently the 


e n qd the PET AC, 
lame. Parts with A B. 


"0 


10.17648 


1.93450 


- 1.75802 


n 
7 
* v. 4 


i | | Grometrialh 


10,00000 
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portion, UVIZ. a 2 Th - | 
; Wb * 2 N 
| R: Sec. A:: AB: Ac; . he IR 
* — N 


8 8 | N 472 
1 Se» " Cumiricaly,” "7 0 


Tha c Caſe is - . 
ed after the ſame Man- 
ner A farmer x and 
the ypothenuſe AC is 
found *Þy taking its, 
Length 3 your Compaſ- * 
ſes, and. ap * to 
the ſame Le of of equal 
Parts you tos AB from. 


1 By making A c che Radius we hall have the 
following Proportion for gnging KG URzv * ot | AE 


S, C: RN BAC. 
SS . N 2 
| | -'3 a3 * es 


is 3 - n ont 8 
ſo is A B 4 — 124 - 75 . 4 3 © 


* 
Age 


| = AC * BP? 150.2 2 2 3 
240, Making AB le. Radius we 2 de 54h 


il. e. as Radius ee 1 As | "2000000 
is to the Secant of K "34% 20 10508 314 
fois AB <- 124 W342 - 
to Ack 50 ont + 2.17636 


This may be done without the Help of the Se- 
cants; for ſince (by Art. 75. Se. I) R: Sec.:: 
Co- S: R; therefore the former Wann will * 
come 9 
rs cos, A.: R:: AB: 0. 

bs E. 2 


* 7 bun Trignomerry. 
i. e. as the Co-Sine of A 84" 20 9916 , 
is to the Radius - - 900 - " 1008000 * 
fois AB - - 124 +. 2 17835 
% - 7 "FNOT" >" 2:17 


3dy, Making BC the Radius, we have che follows 
ing Proportion, viz. 
| T. C: Sec. C: : AC; 


i. e as the Tangent of © 550 „ 40! 10. 16558 


is to Sec. - - 36585, 40“ 10. 24872 
ſo is AB -'- — 124 - 2.09342 
to AC - - - - - 150.2 - - 2.17656 


This likewiſe may be done without the Help of 
Secants, for ſince (by Art. 75. Se. I.) T, : Sec.: 
S, : R; therefore the former Analogy will be N 


to this,” viz. 
8, C: R: AB: AC. 


where no Secants appear; and as it coincides with that 
in the firſt Suppoſition of this Caſe, ſo we ſhall not 
as to the Operation. | 


CASE 99 


225 Angles and Hypotbenuſe given, to find either of 

. the Legs. 

Example. In the Triangle ABC, ſuppoſe the Hy- 

We uſe A C 146 equal Parts, and the Angle A 
369, 25!, conſequently the Angle C 539, 35's re- 

quired the Leg AB. 


Draw the Line AB at Pleaſure, and make the 
Angle BAC equal to 36% 25, (by Prob. 9. See. I. 

* 18 A C equal to 146 from any Line ban, 
a | arty 3 


r F 


Fees "A pa, # 53 "IP 
1 laſtly, from the Point C let fall the Perpendi- | 
fratind, and A'B may be meſired from th Din. 


of equal Parts. 


on 
* , 
v * 
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7 Calculation. 1 
ift, Making A C the Radius we ſhall have the fol- 


lowing "IE VIZ. 


* R: S, C:: AC: . 

2 i. e. as Radius -'- 1 90 10. oO 
is to the Sine of C - 653, 235” - 9.90565 
ſo is AG —— =- - - 146 - - 2.16435 
to AB - - - - - 117.5 - - 2.07000 

of 24h, ; Making AB the Radius, we have the folloy- 

* ing Analogy, viz. 

A Sec. A: R:: AC: AB; 

. 4. as the Secant of K 36%, 25! 10.094358 


is to Radius - - - - - go® 10. 00000 

ſo is Aca - +»: - - 146 - 2.16435 

toAB - - - - - - 117.5 - 2.07000 
he This may be done without the Help of Secants, for 
L ſince (by Art. 75. See. I.) Sec.: R:: R: Co-; 
= therefore the former e _—_ be reduced 6 
83 wy: oP | ES ;# i: - R: 2 
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| which} o the farm with ide Proportion in the 1d Sop- 


2 5 B an BC the Radius, we have the 
— renn 1 


Sec. C: T, C:: AC: AB; 
i. 8. as the Secant = C 53% 35, 10. 22647 


is to the Tangent of FF 


ſo is AC - - „ + 146 2,1625 
% 117.5 2.97000 


CASE: 4. 


*_— 


The two Legs being given, to find the Pol 
Example. In the Triangle ABC, ſuppoſe AB 94 
and BC 56, required the Angles A and C. 


e | Geometrical 


Draw AB equal to 94, from any Line of equ ual 
Parts, then from the Point B raiſe B C, perpendicu- 


| og to * (by Frob. 4. Se. I.) and take B C, from 


the former Line of equal Parts 
equal to 56; laſtiy, join the 


conſtructed, and the Angles 
5 apy be meaſured by Prop. 10. 


= A 4 


By Calculation. 


aſk Suppoſiog AB the Radius, we 8920 this Ars. | 


Jogy, viz. 


Pp AB: BC: :R: T. A | 
zi. e. as AB +» - - M4 ET 1.97313 
is to Bc 36 1.74819 


ſo is the Radius - 90 19,0000 


0 the Tangent of A 30e, 47! - - y-77506 


Points A and C with the ſtrait 
Line A C, fo the Ftiangle is 


0 


Foot of your Compaſſes 


on, Vis. - 
por "BC: BA: *. 


B e 
is to A8 94 1.97313 
ſo is che Radius 90 10. 00000 


to the Tangent of C 599%, 13 - 10.22494 


26594 5 CASE 5. 


The f pat, and one of the Legs given, to fad 
the Angles. - 

Example. In the Triangle D EF, ſuppoſe the 
Leg D E $3,*and the —_— DF 136, re- 
en the ene D and F. 


Geometricalh. 


Draw DF equal to 83. from any Line of equal 
Parts; ——. FOI, 40> i 


E F, then take the Length of 
DF 126, from the ſame Line 
of equal Parts, and ſetting one 
in D, 

with the other croſs the Per- 
pendicular EF in F; laſtly, , 
join D and F, fo che Triangle 

is conſtructed, and the Angles 
may be meaſured by Prob. 10. 
Sect. L.- oe, 


By Calculation; - 
wy Making D F the Radius, we have. this Pro- 
PIN 
5 DF: DE: ü R: 8. F, . | 


24% Making BC the Radius we have this Fro OY 


* 
— w; p — 


r 
af * ®.- * 
. 


” Plain Triganometry. | 
$0 as DF - - » 126 - [i — 2, 10037 
istoDE - - - - 83 - 1.91908 


ſo is the Radius : go?” 0.00000 
tothe Sine of F . 41ñ 120 IE een 


A ah, by. ſuppoſing DE. the Radius, we : have the 
following Analogy, viz. - . 
4 DE: DF: RA Sec; D; 5 


„ % DE - Me 833 - - 1.91908 
wODF - - - - 126 - --'- 2.10037 
: fo is the Radius - - op 10.0000 

to the Secant of D - 489, 48“ - 10.18 129 


This may be done without the Help of Secants, 
for ſince by Art. 75. Ser. I. R: Sec.:: Co S,:R; 
therefore the preceding Analogy will become this, 


Dix. | 
"DF: : DE : : R: Co- &, p 


+ An? cect wr oF, . 
— — — * ” - 


— 8 2 


in which no Secants 451 appear ; and it plainly coin- 
cides with the Proportion deduced from Roy yore 
poſition. 


4 


_ 


n 
40 
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CASE 6. 


The two Legs given, to find the Hypothenuſe. 
Example . the Triangle A B D, ſuppole the Leg 
ha B, 64, and BD, 56, required the e i 


N 


The Conſtruction of this Caſe is performed- the 
X ſame Way as in the fourth Caſe, 

the Length of the Hypothenuſe 

AD is found by taking it in your 

: Compaſies, and apply ing it to the 
fame Line of equal Parts, that the 

ol were nien n VO» Þ 
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3 WN chus in ſite preſent Wie 1 


„ — 
This Cate being a Gompound of the 4% and 48 


Caſes, we mult firſt find the Angles by the 4/b —_— 


AB: DB:: R: T, A; 


i. e. as the Leg AB - - 64 - - 1.80618 

is to the Leg DB - - - 56 - - 1.74819 - 
ſo is the Radius - - 90 =» = 10.00000 

to the Tangent of A 41“, 11' 9.94201 


Then b . 4 24 Caſe we find the Hyporhenule 
required | 


8 A: R: BD: AD; 


i. e. as the Sine of A 41, 11' - 9.81854 
is to the Radius -- - 90 10. o0000 
ſo is the Leg BD - - 56 1.74819 
to the Hypothenuſe AD 85.05 - - 1.92965 


This Caſe may alſo be folved after the folowing 
Manner, viz. 
From twice the Log. of the greater Side A B 3.61236 
ſubtract the Log. I the leſſer Side BD - 1.74819 


— A | 


and there remains - - - - 1.864 417 


the Logarithm of 73. 16 to which adding the _ 
Side BD, we ſhall have 189.15 whoſe Lo «ck is 2. 1109 


Di. 7 ; 


to which add the oP of the leſſer Side 
and the Sum will be 3.85912 
the half of which is - - 1.92956 * 


the Logarithm of the Hypothenuſe required. h 
Or it may be done by adding the Squares of the 

tyo Sides together, and taking the Logarithm of 

that Sum, the Half of which is the Logarithm of the 


— 


383 Plain Trigonometry. © 
the Square of AB (64) is 
the Square of BD (56) is 


, the Sum of theſe Squares, ies 2 
N the Logarithm of which, is 3.85926 


f the Half of which, is 1492963 
the Logarithm of 85 05 the Bength of the . 
| thenuſe required. 4 5 
| 9756752 AS E 5. | 

4 The Hypothenuſe and one of the Legs given, to find the 


other Leg. + me; . | ni. 
Example. In the Triangle B G D, ſuppoſe the 
Leg BG 87, and the Hypothenuſe BD 142, re- 
quired the Leg DG. | 2 


5  Geometrically. 


The Conſtruction here is the ſame as in Caſe 5th, 
the ſame Things being given; and the Leg DG is 


— - 
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found by taking it's Length in your Compaſſes, and 
applying that to the ſame Line of equal Parts, the 
others were taken fromemmnmn. 


Plan ann. | &- 
2 Calculation. | p 


The Solution of this Caſe depends upon the 1 
and 5th, and firſt we muſt find . * 
by * 5h thus : 


DB: BG: R 8, D; 


þ 
4 
) 
3 


+, 6+ Wy iy OL DB - 242 - — 2.16229 
is to the Leg Be 3 — 1.93952 
ſo is Radius | = 19.00000 
to the Sine of D - = — „ 47 9 789% 


Then by Caſe * we find the Leg DG required 
n a 


R: S. B:: BD: DG. 5 
J 
5 | 27 the Sine of B 529, 13˙ 8 2 


12 LE DB — 142 = =. 2.15229 
0 the - 1143-- - © 05010 
The Leg D G may alſo be found in the following 
Manner, VIZ. , 5 8 10 
To the Log. o the um of the Hypo- . 
thenuſe and given Leg, viz. 229 (- 2. 35984 ps 
add the Log. dbeic Difference, viz, 55 1. 74036 a 
and their , ent 4.10020 
| the Half of that is - - - - 2.05010 
2 the Log. of 112.2 the Leg. required. * 
ip Or it may be done by taking the Square of the 
Fe given Leg from the Square of the Hy pothenuſe, 
the and the ſquare Root of the der is Us L re- 
8 W thus in the preſent Caſe ; 


erer 2 oO OI 


SEAT SEES EDS ct ci” 


* ll 
£38 
"1 

. 

ol 
It 
wr 
"i 
a 
bi 
it 

wh 
10 
0 
14 


— 
* a 


b 
3 


A 
rr 


= — = —_— 
- — — — — 
— —— — — — 
— — — 


- — ——— 


— 2 
ey 
© — — 


-— — — 
— —— * 

5 — 
— 


„ 
== 


r 
— Nu. . 42 * 
— — 
4 - 


The Square of the r 142, is 20164 


the Square of the Leg BG 87, is - - - 7569 


the Difference of them is - - - - - 12595 
' whoſe Logarithmis - - - 4.10020 
and half of that Logarithm is - 2.05010 | 
which anſwers to the Natural Number 112.2 the 
Leg required. 
Thus we have gone thro? the Go Caſes of ri right. - 
— Plain Trigonometry, from which we may 5 
rve; 
1. That to find a Side, when the Angles are gi- 
ven, any Side may be made the Radius. 
2. To find an Angle, one of the given Sides muſt 
of Neceflity be made the Radius. 
We now proceed to the Solution of the ſix Caſes 


of oblique-angled Plain Trigonometry, in order to 


which we mult premiſe the following Theorems. 
Theorem 1. In any Triangle, the Sides are propor- 
tional to the Sines of the oppoſite Angles. Thus in 
the Triangle ABC, I ſay, AB:BC::S,C:S,A 
l AC:: 8, C: S, B; allo AC: BC ; £5, 
B: 8, A. 
Demonſtration. Let the Triangle A B C be * 


ſcribed in a Circle; then *tis plain, from Art. 66. 


Sect. I. that the Half of each Side is the Sine of it's 
oppoſite Angle, but (by Art. 74. Sea. I.) the Sines 


of theſe Angles in Tabular Parts, are 


to the Sines of the ſame 
in any other Meaſure 
therefore in the Trian 
ABC, the Sines of 
Angles will be as the 
Halves of their oppoſite 

| Sides; and fince the 
Halves are as the Wholes, it follows that the Sines of 
the Angles are as their oppoſite es, 1. . 8, Cc: 8˖, 


Thes, 


At + AB: BC, Sc. 


THEE. 
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. Plain Trigmometry. = 
F beor. 2. In any . ABC (ſuppoſing any of 
it's Sides as A B the Baſe, and the other two A C, 
BC, the Sides) the Sum of the Sides will be to their 
Difference, as the Tangent of half the-Sum of the 


6 


Angles B A C, A B C, at the Baſe, is to the Tangent 


of half the Difference of the ſame Angles. 
Demon. With the longeſt Leg CB as Radius, and 


in the Centre C, deſcribe a Circle meeting the ſhorter 


Side AC (produced on 
each Side) in the Points 
D and E, draw the 
Lines EB and DB which 
(by Cor. 4. Art. 63. 
Seck. I.) will be perpen- 
dicular to one another; 
draw alſo A H perpen- 
dicular to BD and con- 
ſequently parallel to EB. 
Therefore (by Art. 37. 
Sedt. I.) the Angle BED $i ao 
will be equal to the Angle DAH, and (by Art. 36 


v 


Set. I.) the Angle A BE equal to the Angle B A H. 
Alſo draw AF ee Eg or parallel to DB, 
y 


and conſequently the Triangles A FE and A HD 
will be ſimilar. Then becauſe *C B is equal ro CD 
orto CE, therefore A D will be the Sum, and AE 
the Difference of the Legs AC, BC : Likewiſe (by 
Art. 60. Sect. I.) the Angle BCD is 
Sum of the Angles BAC, ABC, and therefore (by 


Art. 63. Se, I.) the Angle BED, or it's Equal DAH, 


will be equal to half the Sum of the Angles at the 
Baſe B A C and ABC. Again (by Art. 60. Sect. I.) 
the Angle BAC is equal to the Sum of the Angles 
CEB, or CBE and ABE, and therefore equal to the 
Sum of the Angle ABC, and twice the Angle ABE, 


and therefore half the Difference of the Angles at the 


Baſe will be the Angle A B E, or it's Equal B A H. 


But ig the right-angled Triangles A H D, A H B, 
. * making 


— 


equal to the 


* 
1 1 N = * o * 


*F 


* Plein Triganomeiry. N 
making A H Radius, the Legs DH, H B will (by 
Art. 4. of this Sec.) be the Tangents to the Angles 
DAH, HAB, or to half the Sum and half the 
Difference of the Angles at the Baſe; becauſe AH 
is parallel to E B and A F to HB, therefore AF is 
— ml to H B, and the Triangles AHD, AE F are 
ſimilar, and- conſequently (by Art. 73. Se. l.) 
AD:AE::DH: AF or HB; that is, A D, the 
Sum of the Legs A C and CB, is to AE, the Diffe- 
rence of theſe Legs, as DH the Tange nt of half the 
Sum of the Angles at the Baſe (the Radius being AH) 
is to BH the Tangent (belonging to the ſame Radius) 
of half the Difference of theſe Angles, and therefore 
(by Art. 74. See. I.) as the tabular Tangent of half 
the Sum of the Angles at the Baſe, to the tabular 
Tangent of half the Difference of the ſame Angles. 
Theor. 3. If to half the Sum of two Quantities be 
added half their Difference, the Sum will be the 
greater of them, and if from half their Sum be ſub- 
- _ "tracted half their Difference, the Remainder will be 
tte leaſt of them. 
Demon. Let the two Quantities be repreſented by 
the Lines AB and BC (making one continued Line) 
whereof AB is the greater, and BC the lefler. Biſect 
the whole Line AC in E, and make AD equal to 
BC; then tis plain AC is the Sum and D B the 
Difference of the two Quantities, and AE or EC 
their half Sum, and E D or E B their half Difference, 
Now if to AE we add E B, tis plain te Sum will 
be AB, that is, if to half the Sum we add the half 
Birrer the Sum will be the greater Quantity; 
alſo if from EC we take E B, the Remainder will be 
B C, that is, if from half the Sum we take half the 
Difference of two Quantities, the Remainder aw be 
the leaſt of them. 
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Flos 4 In any „ Triangle ABC, let the longeſt 
Side AB be Pony pw as the Baſe, , upon which 
from the oppoſite Angle C, let fall the Perpendicular 
CD, which will cut the Baſe into the Segments A D, 
B D, then the Baſe 'A B will be to the Sum of the 
Sides A C and BC, as the Difference' between theſe 
Sides 1s to the Diflerencs berween AD and BD the 


Segments of the Baſe. 


Demon, With the longer Side 0 B as a Radius i in 
; the acer 


the Center C, deſcribe a Circle, mee 
Side (produced both 

Ways) in the Points E 

and F, and meeting AB ©. 
produced in G. Iben 

AE will be the Sum 
and A F the Difference 
of the Sides AC, BC. 
Likewiſe ſince (by Art. Gh 
64. Se. I.) GD is 
equal to B D, therefore 
A G will be the Diffe- 


rence of the Segments A D, BD. Draw the Chords 
BE, FG. Then in the Friangles BAE, GAF, the 
Angles ABE, GFA, are equal (by Cer. 2. Art. 62. 
Set. I.) and the Angle B A \E | is equal to the Angle 
GAF, (by Art. 33. Se. I.) therefore the remaining 
Angles AEB, AGF, muſt be equal, and ſo the Fri- 
angles ABE, AGF fimilar; conſequently (by 


Art. 73. $28. I.) AB:AE::AF:AG; that is, 


AB the Baſe is to A E the Sum of the Sides A C and 
CB, as A F, the Difference of theſe Sides, is to A G, 
the Difference of the Segments of the Baſe. 


CASE: 


In any oblique-angled plain Triangle; two Sides, 2 | 
an Angle oppoſite to one of them, given, to find. the An- 


Ze Sate zo the other. 


Example. 


Plain Trigenometry. * 63 « 
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© bg 
wh 156, BC 84, and the Angle C, oppoſite to BA, 


Line of equal Parts A 8 


with the other croſs AC in A. Laſtly, join A and 
B; fo the Triangle is conſtructed, and the required 


A "7 l l 
* * 
SHS 
- 
: 


Plan Trigonometry. | 
In the Triangle ABC, ſuppoſe AB 


569, 30! ; required the Angle A oppoſite to B C. 
Geometricaly. 


Draw the Line A C, and at any Point of it, fup- 
poſe C, make the Angle C equal to 56, 30 / (by 
Prob. 9. See. I.) 5 
take C B equal to 
84; and with the 
Lengthof 156 (ta- 
ken from the ſame 


— 


c 
Vith CB) in your Compaſſes, — one Foot 1 in B, 


Angle A may be meaſured by Prob. 10. Ser. I. 
By Calculation. | 


By Theorem 1. we have the followin Proportion 
for * the Angle A, viz. jt 


Az:, C:: BC: 8. A; | 
\ 4. e. as the *. AB - 1569 - 219312 
| the Si t ſite ow Gt. 
is 565 1 on MITE Ang 9 2117 
ſo is the Leg BC - - +< - 84 - 1.92428 
11.8439 
2.19312 
to the Sine of it's opp. Angle A 269, 41/ 9 65227 * 
The Angles, and a Side oppoſite to one if them, given, An 
to find a Side oppoſite to another. om 


Example. 


Tae 65 


Example. In the Triangle e ſuppoſe the 
An gle H 469, 1% and the B 54, 22, conſe- 


. the Angle G 7955 235 and the 146 HB 125, 
required ed HG. 


SGeometrically. 


Ds H B 125, from any Line of f equal Parts 
and make the Angle H 
46, 15! and B 549, 22/, 6 
then produce the Lines HG | 
and BG *till they meet one 
another in the Point G; ſo | | . 
the Triangle is conſtructed, H 2 — B 
and H G is meaſured by 


taking it's Length in your Compaſſes, 4 ap- 
Kü it to the ſame Line of oo Parts that 


B was taken from. 
e 


» 0 elne 


By the firſt of thi d Theotems, we have 
this Analogy for finding H G. via. 
8, G:HB::S/B:HG; 


i. 4 the Sine of G - 795, 234 9.99280 

is to the Leg HB - - 125 - - 2.09691 

ſo is the Sine of B + 549, 22! - 9.90996 

10 12 Leg 8 „ 2.01437 
0A 8 E 3. 


Two Sides and an Angle oppoſite to one of them given, 
to find the third Side. | 
Example. In the Triangle K LM, ſuppoſe the Side 

K L. 126 equal Parts, and K M 130 of theſe Parts, 
and the. Angle L (oppoſite to 5 63, 20, re- 
quired the Side ML. 

1 Gromerricaly 


. 


7 
. 


= 


K 


Plain Trigmaner wh 
 Gromttrically, 2 15 4 


* 


The Geometrical Conſtrüction of this Caſe is the 
ſame with that in Caſe 1. (there be- 


| ing the ſame Things given in both) 
and the Leg M L may be meaſured 
by applying it to the ſame Line of 

L. equal Parts that the other two were 


taken from. 


By Calculation. 


The Solution of this Caſe depends upon the two 
preceding, and firſt we muſt find the other two 


Angles by Caſe 1. thus; 


MK: 8, L:: KL: S, M; 


1 as the Side MK - - 130 : 8 


is to the Sine of L - 63, 20! - 9.95116 
ſo is the Side KL - 126 - - 2.10037 
to che Sine of M - - 609, 1! - 9-93759 


Then by Caſe 2. we find the required Leg ML 


thus; 


8, L: MK: : 8, K: ML; 


i. e. as the Sine of L 63, 200 9.95116 


is to MK - - 130 - < 2.11394 


ſo is the Sine of K - 53? 39! 9.90602 


DME - = „„ © SY, 2.06850 
CAS E. ( 3 


Two Sides. and the Contained Angle given, 10 un. 


* two Angles. | 


hw . 


| | Plain ene 65 
Example. In the Triangle ACD, ſuppoſe AC 
103, and AD 126, and the Angle A 8 30. re- 


wee? the 88 and D. 
| DK Geometrically 
Draw AD 126 equal Parts, and make the Avale 


A, 54, 30“, then ſet 103 equal Parts from A to C. 
Laſtly, Join C _ D; and lo the Triangle i: is con- 


ſtructed, and the 8 C and Dn may be meaſured 
by the Line of Chords. 8 


By 2 Ales, 


The Solution of this Caſe depends upon the ſe- 
cond and third of the preceding Theorems ; and 
firſt we muſt find the Sum and Difference of the 


Sides, and half the Sum of the unknown Angles. 
Thus, x 


- 


whe AD... 


” „„ „„ 
e II IE be et 
their Sum is - - - - 229 
and their Difference is - 23 
the Sum of the three Angles A: D, and Cis 180 
the Angle A is 8459, 307 


ſo. the Sum of the at C and D will be 12 52.5 38 
and Half their Sem is 1 > 
rail zh 85 Naa bk 3253-0 x Then 


6 * * * 
6 ie 


| Plus W, I 
Then by Theorem 2. e 

Gon, "ok . 

as the Sum of the Sides A D and AC 229 1385 

is to their Differene 23 

fo is the Tang, of half the Sum 629, 

of the unknown Angles - 29, 45' 10. 861 

to the Tang. of half their Diff. 119, 2 9.29005 
Now hone half the Sum and half the Difference 


of che two unknown Angles C and D, we find the 
Quantity of each of them by Theorem 3 . thus, 
To half the Sum of the Angles C and Þ - 629, 46 £ 
add half their Difference — - - 11% 027 p 
| * 3 0 
and the Sum is the greater Angle C. 53, 4 1 

: 9 e t 

Again from oo 629, 
take half the Difference - - - - - 119, 45, 


and there will remain the leſſer Angle B 61“, 45 


| CASE 5. 


Tu Sides and the Contained Angle en, to find: the 
= 2 — I the Triangl s ſ 
Danple. In riangle uppoſe B C 
54, and BD $5 and the Angle B 2 


quired the Side C 
N — 
Tube Geomettical Conſtruction of this Calo the | 
| D | 
4. 
is 
fo 


| fame with that of che af and the Length of pc 


A F of ; "Ho | - : 
PING % * oy 55 26 - \ _ 
1 1 LM 2 72 wages 2 . | " : 2 — mn, 


r 


Plain 183 


is found by akin it's Length in your Compaſſes, and 
applying it to Ele he fl Ps ihe 25 


en if oe 


The Solution of this Caſe d mr 
and fourth; and firſt we muſt f 0 Hate | 
laſt Caſe; thus, | | 


As the Sum of the Sides BD and 25 OE = 2.45788 
opts we & TO - 1. 32222 
o is the Ta t of the 7 1 | 
Sum of the Angles D and C 619, 5% - $0:27372 
to the Tangent of half their Diff. 79, ol 9713806 


* by Theorem 3. we have the Angles D and © 
" Sx! | 


| To half the Sum of the Angles D and C - 649, 58! 
add half their Difference - 8 — 5% 300 


— ¶GmEũ— 


and the Sum is the greazer Angle D. -— „ 48/ 


Alfo, from half the Sum 22 
take half the Differente 0 1 


— 
* 


and chere remains the leſſer Angle C 1 os! 


Then by Caſe 2. we have the following Analogy - 
for finding D © the Leg required, vis. 


8. O: BD. S5, B: Dc 


1. e. as the Sine of c — $42 o8! . gene 
is ro BD . 2 133 - 2 2. 12385 


ſo is the Sine of 3 6, 03 vn 7 6 


to DCc 5 ot: * 136.2 SLE 2.13399 
. 


x 1 * . 4 ">  * 6 of L 
7 z . , 
e 
«©; 1. * 2 2 ha 2 "y * 
3 ye 8 N Ys 2 22 Ms 3 . 


A; 04-4; Ni 
Three Sides given to fnd the 4 — „ 
Example. In the Triangle ABC, ſuppoſe AB 

156, BC 72 and A AG 155. 7 ; N gen "_ N48 

Ay B, and C mY; . 44 


9173 TO 29 E Düs- ls: 
8 diere 


Make AC 18.7 from any 1228 80 
and from the ſame Line taking 156, the pu Per 
AB, in your Compaſſes, fix one Foot of them in 
A, and with the other ſweep an Arch; then take. x kb 


the Length of B C, and fixing ane Foot in C, * 


the offs ſweep an FRY which 0 will trol chil Foraier 
in B; laſtly,” join the Points B A and BC, ſo the 
Triangle will be conſtructed, and the Angles may be 
meaſured by the Line of Chords. 5 


ms 5 — bs „ 
61 11444 1.6.04 » 


» Calculation. + 


Let fall the PerondBcuicr B D from * V 2 
B, upon the Baſe A C, Which will divide the Baſe 4 
into SO two Segments A D and DC, and to find 59. 
the Lengths of theſe, we have, ** Theorem 4 the ſo 


following Proportion, VIZ. oe ICT * 


8 DX d 9 þ. $a 


;% 
Z : 


r 
* 


ſe 


* 


1 Hogan 1*; 185.5 


— 2:26893 | 
is to the Sum of the dicden A B and BC 240 2.38031 


1o is the Difference of the Sides 72 - 1585733 


to the Diff of the Segments of the Baſe 93 — 206171 | 
And having the Sum of the Segments, viz. the 


whole Baſe, and their Difference, we ae. | 


ments themſelves, by Theorem 3. thus, 
To half the — RagrEA — 92 


add half cheir Difference r f15.)6 46 > 


and the Sum is the greater Segment A D. 139 - 3 


Alſo from half the Sum of the Segments — 92 1 
wn half * RA >» - = 5 


ROE ROLES DC. 46 3 


Now the Triangle ABC is divided,. * the Per- 
pendicular DB into two right-angled Triangles, 
ADB, and DBC; in the. firſt of which are given 
the Hypothenuſe AB 156, and the Baſe AD 139. 3 


to find the 8 for which we have (by 
Caſt g. of rectang rigonometry) the following 
Analogy, viz. EY h 


1 2 156 2.19372 
nwAD:-:- + =>, Þ E 139.3 2.14395 
ſo is the Radius wiz <; 29 yay" 10. 


to the Co- Sine of the Angle A 26%, 40 "> 9.9508 3 


Ai the Angle cin found by che fame Cas thus; 


A BC — 84 1.92428 0 


is to CD —_— N 46.2 n 1.66558 
ſo is the Radius - - 90 10 0090d 4 
to the Co-Sine of C. 36e, 30% 974730 
| | | . Havmng 


5 = * — * 
* * 7 2 
„ E 
1 5 * < OY o — be 
* 


e 
- Hevin found ee ee AN RE 
| the Thi , e ene the other two 

from 180, thus, EN 643 20 2265 NOLod7 tr ot 


. TheiSum of all die three: Angler . 760 ©) 
| the Sum of A and C is oe al 83%, 10 


bob 


de Angle Bis 22 2 — a * * e 50ʃ 


All the Proportions uſed forghe Solutions of the 
read Caſes in Plain Trigonometry, may be performed 
by. the Scale and Compaſs. On the Scale there are 
ſeveral Logarithmic Lines, viz. one of Numbers, 
another of Sines, and one of Tangents, &c. And 
the Way of working a Proportion by theſe is this, 
vi. Extend your Compaſſes from the firſt] Term of 
your Proportion, found on the Scale, to the Second, 
and with that Extent, fixing one Foot in the third 
Term, the other will reach the fourth Term required. 


* . 
—— * 5 & _ 10: «| S47-3.4 ' 0" 799 "S F. 
= 7” dia. 4. ai. _— AS. — a — — —— 27 * — M4 
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of the Principles 5 8 
| ASTRONOMY. aut 
B E Land and Water of this Earth 9 
on up a Compoſition of a ſpherical Form, ot 
rather an ablong Feu, which is culled the T erra- 
queous Globe. 

-2. This Globe moves round it's A in 24 Hours, 
from Weſt to Eaſt; and thereby cauſin "g the celeftial 
Bodies to revolve, apparently from Eaſt to Weſt, in 
the ſame Time, es the Tones of Day: hand 


Night. 
3 3 Thel 


0 


„ 


PERS N 


* 


1 


* G Mf bn : - wy 


3. Tbeſe two Points in which the Axis of the 
Earth meets the Surface, are called the Poles of the 
Earth; and if the Axis be produced on both Sides to 
the Heavens, it will cut them in two oppoſite Points 
called the Celeſtial Poles. The one towards the North 
is called the Ar#ic Pole; and the Siber towards the 
South, is termed Antarctic. An. 

4. Circles upon a Sphere are either Great or Lefls. 
A Great Circle is that whoſe Plain paſſes through the 
Center of the 8 or whoſe Diameter is equal to 
the Diameter of the Sphere. A Leſſer Circle is that 
whoſe Plain does not paſs thro* the Center of the 
Sphere, or "whoſe Diarneter 1 is leſs this the Diameter 
of the Sphere. 

Cor. 1. Hence it io plain; chat all gent Circles upen 
a Sphere divide it into Halves, and all lefſer Circles 
divide it unequally. 

Cor. 2. And ſince all great Circles hve the ts. 
Center, 'vis. that of the GER” it is Pian they mot 
biſect one another. 

5. Since the Earth moves evi iv's Axis, *cis 


Poles which are at Reſt) will deſcribe tha Circum- 
ference of a Circle; and that which is deſcribed by a 
Point lying in the middle between the two Poles, is 
rags the Equator,” or hag; re Line, or aa 
the Line. 

6. If the Plain of the Baumes be priiccsd to the 
Heavens, it will there mark out a Circle called the 
Celeftial Equator, which will divide -the Earth and 
Heavens into two Hemiſpheres, that towards the 


the South, the Soutbern. 
7. Great Circles paſſing through the Poles of thi 
World, and cutting the Equator at Right * 
are called Meridians; and that which $ over any 
Place, is called the Meridian of that Place. , 


* 


plain that every Point in the Surface (except the hs 5 


North called the Northern Hemiſphere, and that towards | 


8. The + 
292 


* 
* 

* 

__ 


N | . 
a The Pviocipls 2 
«4:8. The Diſtance. af any — 8 
from the Equator, counted in Degrees upon the Me- 
ridian, is called the Latitude of that Place; and it is 
either North or South, according as it lies upon the 
North or South Side of the Equator: 

9. Since by the Rotation of the Earth about ire 
Axis, every Point upon it's Surface deſcribes a Circle, 
*tis plain all the Points between the Equator and Poles, 

muſt deſcribe Circles parallel to the Equator ; and 
theſe are called Parallels of Latitude. | 

10. The Difference of Latitude between two Places, 

; is s the Arch of a Meridian, contained between the Pa- 

pallels of Latitude paſſing over theſe Places. 

Cor. 1. Hence if the two Places lie hoth on the 

| lame Parallel, they: will have No Difference of Lat 
tude, 

"Corn. ehe Places lie both on the ſung Side of 
the Equator, and on different Parallels, then their 
Difference of Latitude is found by taking the leſſer 
Latitude from the greater. 

Cor. 3. But if the Places lie on different Sides of 

the Equator, then their Difference of Latitude # 

to the Sum of the two Latitudes. ' 

11. The Complement, of the Latitude of any Place, 

is that Latitude taken from go Degrees, or the Di- 
ſtance of the Place from the — Pole - 

12. The Longitude of any Place upon the Earth 

is an Arch of the Equator intercepted ' between the 

firſt Meridian, and the Meridian paſſing thro' the 

propoſed Place. Which is equal to the Angle at the 

Pole formed by the firſt Meridian and the Meridian 

of the Place. 

13. The firſt Meridian may be placed at Pleaſure, 

paſſing thro* any Place; as London, Paris, /Tenrif 

Kc. and the Longitudes counted from it will be either 
Eaſt or Weſt according as —_— lie on the Eaft or mw 
Side of that Meridian. * 
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GxroOGRAPHY and ASTRONOMY. 75 
s 14. The Difference of Longitude between two Places 
q upon the Earth, is an Arch of the Equator compre- 
| hended between the two Meridians of thele Places, 
and the greateſt poſſible is 180 Degrees, viz. when 
the two Places he on o te Meridianns. 
16. Since by the Motion of the Earth about it's 
Axis, every Point upon the Surface deſcribes the 
Circumference of a Circle or 360 Degrees, in 24 
Hour's Time, tis plain in one Hour it muſt deſcribe 
15 Degrees; therefore any Place lying 15 Degrees to 
the Eaſtward of another, has the Sun upon it's Me- 
ridian 1 Hour ſooner than the other; ſo when it is 
twelye o Clock in the eaſtermoſt Place, it will be but 
J c 
Cor. Hence the Difference of Longitude may be 
converted into Difference of Time, by allowing 1 
Hour for every 15 Degrees, and proportionally for 
Minutes, Sc. alſo Difference of Time may be con- 
verted into Difference of Longitude, by allowing 15 
Degrees for every Hour, and proportionally for other 
Time. Conſequently by knowing the one, we can 
find the other. . 
16, If we ſuppoſe a Plain touching the Surface of 
the Earth in any Point, (upon which a Spectator 
is ſtanding) and produced to the Heavens, it will 
there make a Circle called the Horizon, which ſe- 
parates the viſible from the inviſible Part of the 
Heavens. This Horizon is properly the ſenfible 
Horizon ; the true or rational Horizon is a great 
Circle parallel to the ſenſible, and paſſing thro the 
Center of the Earth, which divides the Heavens and 
Earth into two Halves, called the Upper and Lower 
Hemiſpheres. | | | 
17. Theſe two Horizons when produced to the 
Heavens, may, . without any ſenſible Error, be ſup- 
poſed to coincide : The Diſtance between them, or 
the Earth's Semidiameter, vaniſhing when compared 
vith ſuch a Diſtance. ., BSE | 


1 . 189.8 
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18. Since the Earth moves round it's Axis from H. 
Weſt to Eaſt, tis plain a Spectator upon it's Surface, W 

| N with his Horizon, muſt move the ſame | 
Way; conſequently theſe Celeſtial Bodies towards 8 
the Eaſt, that were before inconſpicuous, will be- cue 
come viſible, the Horizon being depreſſed below the 
them: and thoſe towards the Weſt, that were be- 7 

fore in View, will become inviſible, the Horizon be- Boy 


— 


ing elevated above them. And hence ariſes the ap- A 
parent Motion of all the heavenly Bodies, by which Ce, 
they appear to deſcribe Circles round the Poles, pa- 


rallel to the Celeftial Equator, which are greater or s 
leſs according as they are more or leſs diſtant from the i 
neareſt Pole. 18 Ae | | - 
19. When any Celeſtial Body comes firſt in View, the 
or when it is on the Eaſtern Side of the Horizon, it 


is then ſaid to Riſe; and when by it's apparent Mo- 2 
tion it comes to the Meridian, it is ſaid to Calminate; pla 
and laſtly, when it begins to diſappear, or is upon 9:3 
the Weſtern Side of the Horizon, it is then faid to Bll ther 
20. If through the Center of the Earth there be Oy 
drawn a Line perpendicular to the Plain of the Ho- and 
rizon, and produced to the Heavens, it will there vil 
mark out two Points, the one, which is directly equ: 
over our Heads, is called the Zenith; and the oppo- the 
fire Point thereto, which is inviſible to us, viz. di- Lati 
realy under our Feet, is called the Nadir. the 
21. Vertical or Azimuth Circles, are great Circles men 
paſſing thro* the Zenith and Nadir, and cutting the in tl 
Horizon at right Angles. Among the vertical Cir- and 
cles there are two principal ones, viz. the Meridian, Plac 
which paſſes through the Zenith, Nadir, and Poles, Wl the : 
and cuts both the Equator and Horizon at right O'S 
Angles; the Points in which it cuts the Horizon are repre 
the South and North Points; and the other princi- of 2 
pal Vertical, called the prime Vertical, is that which Wl a ver 


cuts the Meridian at right Angles, and meets the 
a EW Horjzon 


„ 
reer 


| * N 9 | : ; 2 | wn i | 
 GrocraPny and AcTronowMyY. 
Horizon in two oppolite Points, calſed the Eaſt and 
Weſt Points. BY + TL OG n 1487 
22. Leſſer Circles parallel to the Horizon ate 


called Almicanthers, or Parallels of Altitude. And 


theſe continually decreaſe the 'nearer they are to 
the Zenith. 7 n 

23. The Altitude, or Depreſſion of any heavenly 
Body above or below the Horizon, is an Arch ef a 
verticle Circle intercepted between the Horizon and 
Center of the Object. 5 

24. The Zenith Diſtance of any heavenly Object, 


is that Arch of the vertical Circle paſſing through - 
it, intercepted between the Center of the Object 


and the Zenith, which is always the Complement of 
the Altitude. | | 


25. Let the Circle A H N © repreſent the Earth, 


projected on the Plain of ſome Meridian, A ſome 
Place upon that Meridian ; draw the Diameter H O 
at a Quadrant, or 9o Degrees, Diſtance from A; 
then H O will repreſent the Horizon of the Place A 
(by Art. 16. of this). Let P and p be the two 
Poles ; conſequently Pp the Axis of the Earth, 


and the Diameter E Q at right Angles with that, 


will repreſent the Equator, (by Art. 5.) make P 4 


equal to PA, and draw the Circle A parallel to 


the Equator E Q: and this will be the Parallel of 
Latitude the Place A, lies on. The Arch AE will be 
the Latitude of the Place A, and A P the Comple- 
ment of it's Latitude (by Art. 8. and 11.), the Point 


in the Heavens directly above A will be the Zenith, 


and that directly above N will be the Nadir of the 
Place A (by Art. 20), the great Circle ACN will be 
the prime Vertical (by Art. 21.), and the Points H and 
O will be the South and North Points, and C will 
repreſent the Eaſt and Weſt Points in the Horizot 
of A. Let S be any heavenly Object, and AS 

a vertical or azimuth Circle paſſing through the Cen- 
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gain, let any other Place upon the Earth be aſſumed, 

as 2 B. and it's Meridian will be PB p, and it's Parallel 

of Latitude D.Bd; then the Latitude of B will be 

B F or D E, and the - Complement of it's Latitude 

will be BP or DP. Alſo the Difference of Latitude 

. the two Places A and B, will be BL or DA 

y Art. 10). If the Meridian paſſing .thro* A, be 

ſed the firſt Meridian, then the — of B 

U be E F (by Art. 12); but if the Meridian of A 

5 not ſuppoſed the firſt Meridian, then the Difference 

of Longitude between the two Places A and A We 
E F (by Art. 14). 

26. The 'Syſtem of the Univerſe, according, 5 


che lateſt Aſtronomers, is as — wiz. T he Sur 
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is ſuppoſed to be in the common Center of Gra- 
vity of ſix opake ſpherical Bodies called Planeta, 
„which are at —— Diſtances from the Sun, and 
perform their ſeveral Periods round him in dif- 
ferent Times; the Names of theſe Planets and the 
Characters by which they are expreſſed, are as fol- 
low, viz. Mercury , Venus 2, the Earth e, 


B 


2 


=D 


Mars #, Jupiter u, and Saturn h. And they all 
move. round the Sun, from Weſt to Eaſt, in Orbs 
62, little inclined to one another, and the Plains 
f theſe Orbs cut one another in Lines paſſing 
Krug the Center of the ous conſequently. a 
| Spectator: 
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view the Planets, performing their ſeveral | Periods 


round him, from Weſt to Eaſt, according to the 
Order of the Letters ABCD, (in che annexed Scheme) 


and in different Times, viz. Mercury , which is 
neareſt the Sun, moves round his Orb in 87 Days, 
and 23 Hours, or three Months nearly. Then 
Venus 2, which is next to Mercury, performs her 


Period in 224 Days and 17 Hours, or about 


8 Months. The Planet which is third in order 


from the Sun, is our Earth ©, which performs it's 


Circuit in 365 Days, 5 Hours, and 49 Minutes, or 


a Year. Next to the Earth is Mars d, who moves 


round his Orb in 686 Days and 23 Hours, or a little 
lefs than 2 Years. Then Jupiter u, whoſe Orb is 
vagly extended beyond that of Mars, performs his 
Circuit in 4332 Days, 12 Hours, which is about 
32 Tears. And laſtly Saturn h, who is furtheſt 


di.ſtant from the Sun, compleats his Revolution in 


20759 Days, and 7 Hours, which is ſomething leſs 
than 30 Years. Their Diſtances from the Sun ex- 
preſſed in the Scheme, are nearly proportional to their 
true Diſtance in the Heavens. 

257. Three of the Planets, viz. Mars, Jupiter, 
and Saturn, whoſe: Orbs are beyond that of the 
Earth, are called Aperior Planets; and the two 
Planets Venus and Mercury, whoſe Orbs are be- 
tween the Earth's Orb and the Sun, ate called the 
inferior Planets. 


48, The” three Planets: Taper. Satura; 6 the 


Earth, are obſerved to have other ſmaller ones 


conſtantly attending them, called Secondary Planets ' 


or Satellites. Theſe Satellities always attend their 
reſpective Primaries in their Revolutions about the 
Sun, and at the ſame Time they are conſtantiy 
moving about them; the Earth Jay one, viz, the 

7 Moon, 
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8 r a j - 
fad * ry VE * 
ao”. 


Goon e * AT. . or 4 
A which attends it in it's annual Revalution 
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about the Sun, and at the ſame Time moves round 
it as a Center, in about 27 Days, and 7 Hours. 
Jupiter has four Satellites attending him, which are 
at different Diſtances from him, and move round 
him in different Times, viz. that which is inner- 
moſt, or eb his Body, revolves in 1 Day 
18 Hours; che next deſcribes it's Orbit in 3 Days 
* 13 Hours; the third moves round in 7 Days 
prot, ours; and that which is furtheſt from 52 
Body, performs it's Circuit in 16 Days and 
18 Hours, Satury' has five Satellites moving round 
him as a Center, which are at different Diſtances - 
from his Body, and perform their Revolutions in 
different Times, viz. the firſt or neareſt to him, 
performs it's Circuit in 1 Day, 21 Hours; the fo | 
cond, in 2 Days, 17 Hours; the third, in 4 Days 


13 Hours; the fourth, in 15 Days 22 Hours; and 
b the fifth, or the molt remote from the Body of 
0 Saturn, compleats it's Revolution in 79 Days and 
8 8 ogg / 
3 9. The fixed Stars are ſuppoſed to be of the ſame 
8 with the Sun, and made for the ſame Ends, 
4 viz, each of them the Center of it's own proper 
1 — having Planets moving round it as our Sun 
30. Having given a curſory View of the Syſtem 

1 of the Univerſe, we ſhall now conſider the Motion 
4 of the Earth, a little more particularly. Let S 
7 repreſent the Sun in the Center, ABCD the Orbit 
1 of the Earth, and 2 Y u the Heaven of the 
nes fixed Stars; then if the Obſerver be ſuppoſed to be 
nets Placed in the Sun at 8, tis plain when the Earth 
voir is im the Point A of it's Orbit, it will appear to be 
the t the fixed Star Y, and while in moving from Weſt 
ty to Eaſt, 1 goes from the Point A of it's Orbit to 
2 * it will appear to * IRINge at S to . Dy 
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the Sun to the Earth, then tis plain when the Earth 
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5 N m e en Tw is the fixed Stars « 
m tu; and from D to A the fixed Stars 'Ww = 
N . Again, let the. Obſerver. be removed from 


is the Point A of it's Orbit, the Sun 8 will — 
to be in the oppoſite Point of the Heavens, via. at 


the fixed Star ; and while the Earth is moving 
in it's Orbit from A to B, the Sun will appear to 


paſs by the fixed Stars & m r vr; alſo while the 


Earth moves from B to A, the Sun will appear to 


have moved from f by the fixed Stars = , Se. 
to &; W the Sun to an Inhabitant i: 2 
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| appear to 
and towards the ſame 
Weſt «0 Eaſt, as the Earth appeared to an Obſerver 
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But will over the ſame fixed Stars, 
of the Heavens, 3. e. from 


in-the Sun. 
31: Hence ariſes the apparent Motion of the Sun 
fam Weſt to Eaſt. So that if any fixed Star be 
obſerved to riſe with the Sun; ſome Days after, the 
Sun will have moved more eaſterly, and the Star 
will riſe before the Sun, and alſo ſet before it: alſo 
if a Star, in' or near the Path which the Sun </ wav A 
to deſcribe in his annual Motion, and at ſome Di | 
from the Sun, be obſerved above the Horizon after 
Sun-ſet, it will ſome Time after that appear to ſet 
with the Sun, and for a white, will not be viſible at 


Night. 
The ſame Way the Sun will appear to an Ob- 


ſorbet in any of the other Planets to Wore from Web 


to Eaſt, and to deſcribe the ſame Orbit in the Heavens 


that the Planet would appear to do to an Obſerver in 


the Sun. 

33. The Circle in the Heavind that the Farth to 
an Obſerver in the Sun, or the Sun to an Obſerver in 
the Earth, appears to deſcribe is called the Ecliptick, 
and it divided into twelve equal Parts called Signs, 
each containing 30 Degrees, viz. the , of 360. 


The Names and Characters by which theſe 88 are 
uſually expreſſed, are as follow. 


__ 1 25 & 8 
Aria, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 


8 by = X 
Scorpio, Sagittarius, Capricornus, Aquarius, * 


24. Since the Earth is a ff hefical Body expoſed 
to the Rays of the Sun, *tis > 6 half of it's Body 
muſt be nation, while the other half is in 
Darkneſs; and if there be a Line drawn from the 
G 2 Center 
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Center of the Sun to that of the Earth, nt a Plain 
perpendicular to that Line paſfing; thro' the Center of 
the Earth; then this Plain will cut the Earth in a 

at Circle, which will ſeparate the enlightened! 
hom the darkened Hemiſphere; and this Circle. is 
called the Terminator of Light and Darkneſs upon 
the Earth. 

- 25. If the Plain of the Earth's Equator lay in the 
Plain of the Ecliptick, and conſequently the Earth's 
Axis were perpendicular to the de Ne then the 
Terminator of Light and Darkneſs would be a 
Meridian; for let the Circle PEpQ repreſent the 
Earth, P and p it's two Poles, EQ the Equator, 
C the Center of the Earth, and S the Sun laying. 
in the ſame Plain with EQ ; then, by the laſt Ar- 
ticle, the Terminator muſt be perpendicular to S-C, 
and, conſequently, in this Caſe, to the Plain of the 
Equator EQ; but ſince all great Circles perpen- 
dicular to the Equator muſt paſs thro' the Poles, 
and ſo be Meridians; it follows that in this Caſe; 
the Terminator muſt be a Meridian, as Pp. And 
ſince all Meridians biſect the Equator (by Art. 4. 
Cor. 2. of this) they muſt alſo biſect it's Parallels, 


conſequently the Terminator which is i bere a Meri- 
dian, muſt biſect che e and all it's Parallels * 
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fo the Half of each Parallel muſt be always en- 
lightened, and the other Half in Darkneſs ; and ſince 
by the Motion of the Earth about it's Axis, eve 
Point upon it's Surface, except the Poles, deſcribes 
a Circle parallel to the 27 1 it plainly follows, 
that if the Plain of the Equator lay in the Plain 
of the Ecliptick, every Point upon the Earth's Sur- 
face, except the two Poles, would have the Sun 
as long above it's Horizon as below it, and ſo 
there would be a conſtant Equality of Day and 
Night, viz. 12 Hours each; and the two Poles 
would have the Sun conſtantly moving round their 
Horton. wal e 

36. The Axis of the Earth is obſerved to be in- 
clined to the Plain of the Ecliptick at an Angle 
of about 66 + Degrees, and conſequently the Plain 
of the Equator muſt be inclined to the Eeliptick, 
at an Angle of 23 4 Degrees, viz. the Complement 
of the former. Alſo the Axis of the Earth in it's 
annual Motion about the Sun, keeps always parallel 
to the ſame Line; ſo if there be a Line drawn 
thro* the Center of the Sun, parallel to the Earth's 
Axis, while in any Point of it's Orbit, that Line 


* *% 


will continue parallel to the Axis, whatever Point 


of the Orbit, the Earth oe in (at leaſt in a Year's. 
- as Ky | G 3 | ; Time 
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Time che Difiepcace is Heng f wil 
neceſſarily happen, if the Earth had no 


4 
- 
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muſt 
other 


Motion but à progreſſive one in it's Orbit, and 


a Rotation about it's Axis. For ſuppoſe any 
ſpherical Body as PEpQ, whoſe Center moves 
along the Line AB, and while in A, let any 
Diameter of it as Pp, be aſſumed, inclined any 
Way to the Line A B; then bis plain if the Body 
had no other but the E as ein Motion, when 
it has come to B, the Diameter Pp will ſtill 


be parallel to it's former Situation while in the 


Point A; and if the ſame Body be ſuppoſed 
alſo to move round it's Axis Pp, *tis plain all 
Parts of it would conſequently: be changing their 
Situations, except the Axis, which is no way at- 


fected by the Rotation, and conſequently the 


2 muſt always keep parallel to the ſame right 


37. Since the Plain of the Equator is inclined 
to the Plain of the Ecliptick, therefore they 
miſt interſect one another in a right Line 


through the Center of the Earth, and the Plain of 


the Ecliptick muſt cut the Earth in a great 
Circle, which will be inclined to the Equator 
adtꝗ an Angle of 23 + Degrees, and this will mark 
out upon the Earth's Surface, the Path of the Sun 
in his annual Motion; the Line in which the 
Equator interſects the Ecliptick, muſt always 
be parallel to the ſame Line, whatever Point of 
the Orb the Earth be in; as js evident from the 

laſt Article. gs 5 
38. If thro? the Center of the Sun, there be 
drawn à Fine perpendicular to the Plain of the 
Ecliptick; then this Line is called the Axis of the 
Ecliptict, and the two oppoſite Points in which the 
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Pg ariſe from the Earth's annual Motion about ho 
| 104 Nay reals F 39 © the Earth's Orin and S 


= to the common Line of Interſection, of the 


of the Earth will lie in the Plain of the Terminator, * 
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9. That great Circle in the Heavens which paſſes 
hy the Poles of the World and the Points of In- 
rſection, of the Ecliptick and Equator, is called 
EquinoFisl Colure. And that great Circle which 

is at right Angles with the former, and thro? 
the Poles. of the Ecliptick and World, is called the 
Felſtitial Colure, The four Points in which theſe 
Colures cut the are called the Cardinal 
Fe Theſe two in which the equinoctial Colure 
liptick, are called al Pons 3 

becauſe (as ſhall be ſhewn) when the Sun is in ei- 
ther of them there is an Equality of Day apd Night 
to the Inhabi itants of the Earth; and the two Points 
in which the ſolſtitial Colure cuts the Ecliptick, are 
called the Sosſtitial Peints; becauſe when the Sun 
comes to either of theſe Points, he is then at his 
greateſt Diſtance from the Equator, and is hogipoing 


to return to it again. 
40. To explain the Phenomena 'or Appearances 


Sun; it” 8 draw the right Line = S8 , 


k and Equator, and meeting the Ecliptick 

e two Points v and &; alſo thro' S draw the 
rs 1 8 = perpendicular to the former; then, 
'ris plain when the Earth is in the Point & of it's 
Orb. the Line S , joining ihe Centers of the Sun 
and Earth, will cojncide with the common Inter- 
ſection of the Ecliptick and Equator, and ſo lie in 
the Plain of the Equator, and conſequently be per- 8 
pendicular to the Earth's Axis; and ſince (by Art. IE 2 
64-14 this Line is alſo 4 4 rpendicular to the Termina- 
tor of Light and Darkneſs, tis plain that the Axis AI = 


which therefore muſt paſs..thro” the two Poles, and 


ſo be a Meridian; alſo the Sun will appear in che 4 
oppobte Point of the * at Y, viz. in the . 5 
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2 8 baue that is, in the Plain of the Equator; 


and conſequently by his apparent daily Motion, he 
will deſcribe the celeſtial Equator. And ſince in 
this Situation of the Earth, the Terminator of Light 
and Darkneſs is a Meridian, it will biſect the Equa- 
tor and it's Parallels; conſequently the Half of each 
Parallel will be in the enlightened Hemiſphere, and 
the other Half in the darkened; and every Point upon 
the Surface of the Farth, deſcribing by it's daily 
Motion, either the Equator or ſome of it's Paral- 
1155 it plainly follows, that when the Earth is in 
the Point of it's Orb, each Place upon it's Sur- 
face, will be as long in the enlightened Hemiſphere 
as in the darkened, i. e. there will be an Equality of 
Night and Day (viz. 12 Hours each) over all 
the Earth, except at the two Poles, where the Sun 
will appear to deſcribe the Horizon of each, viz. the 
Equator. 

The Earth, by it's annual Motion being carried 
along the Signs m £, the Lines of Interſection of 
the Ecliptick and Equator remaining always parallel 
to itſelf, it cannot now be directed towards the Sun; 
but when the Earth is in the firſt Point of , it 
muſt make with the Line 8 , joining the Centers 
of the Earth and Sun, a right Angle. And ſince 
the Line 8 1s not in the Plain of the Equa- 
tor, but of the Ecliptick, the Angle B V S, that 
the Axis of the Earth A B makes with S *, will 
be acute, equal to 66 ; Degrees, viz. the Inclina- 
tion of the Axis of the Earth to the Ecliptick. Thro? 


the Center of the Earth , draw the Circle FL, 


perpendiculariito S f, and this wilt be the Termi- | 
nator of Light. and Darkneſs, (by Art. 34.) and the 
Arch B L will be 23 + Degrees, viz. the Comple- 


QE perpendicular to the Axis A B, and this will 
Lauser then ſince the Arch EB is equal 


to the Arch TL, (being each a Quadrant) by tak» 
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de BT, and. thro' the Paings T and N 
TC, MN parallel to the Equator ; 


then tis plain that when the Earth is in the Point 


of it's Orbit, 


his greateſt Declination North. The Parallel T C 
is called the Tropick of Cancer, and the Circle in the 


Heaven concentric with this, which the Sun ap- 


pears to deſcribe at that Time, is called the Celeft:al 
Tropick of Cancer; becauſe the Sun at that Time ap- 
rs to be in the Sign . And becauſe of the 

$ Rotation about it's Axis, tis plain that all 


the Points fituate upon the Parallel I C, will have 
the Sun, when upon their Meridian, in their Ze- 


nith. Alſo when the Earth is in this Poſition, *tis 


ou that the Terminator of Light and Darkneſs 


L, will go beyond the North Pole B to L, 23 + 


3 N Degrees diſtant from B; and conſequently the 


South Pole A muſt be as far from the Terminator 


LF in the darkened Hemiſphere. Thro' the Points 
L and F, draw the Circles L K, F G, parallel te 


the Equator, and theſe Circles are called Polar Cir- 
cles, that towards the North is called the Artick 
Circle, and that towards the South is called the An. 
tartick Circle. Now ſince the Earth moves round 
upon it's Axis A B, 'tis evident that every point 


within the artick polar Circle K L, will, at that 


Time, have a continued Day; and, on the contrary, 
every Point within the antartick polar Circle F G, 


Again, the Earth moving forwards thro? the Signs 


8 X to , the Sun will appear to move thro* the 
=. Signs , K, m, and by Degrees to return again to 
the Equator; and when the Earth has come to the 


Point Y of it's Orbit, the Sun will appear to be at ©, 
Now the common Interſection of the Ecliptick and 
Equator ſtill remaining parallel to the Line 078 
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3 the Earth has come ' 4H 
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| ur; and conſe 


ain of the. 
. the Sun will a celeſtial 
and there will be an ax of Night and Day, 
the ſame Way as, when the Earth was in =; and in 
this Situation, the Terminator of Light and Dark- 
neſs will again paſs. thro*. the two Poles, 2M 
The Earth moving forwards through the Signs 1 
ve n, the Sun will appear to move thro? Ki 8 
poſite Signs > m , gradually dedlj 
Iquator, towards the South Pole, _ the 
| comes to , the So app b bs ih. 
Now ſince the Axis of the Earth AB does not change 
it's Inclination to the Ecliptick, the Earth will have 
the like Aſpect and Poſition with reſpe& to the Sun, 
as it had when in the Point W of it's Orbit; but with 
this Difference, that he is now as far on the South | 
Side of the Equator, as (when the Earth was in · 7) 
he was on the North Side, 4. e. 23 4 s, and 
zs perpendicular to the Point N; the Pe I N M is 
called the Tropick of Capricorn, and the Circle in the | 
Heavens concentric to this which he appears to de- | 
ſcribe at this Time, js called the Celeſtial» Tropick 5 2 
Capricorn; becauſe at this Time the Sun appears 
be in the Sign ; alſo, all within the „ lar 
Circle KL, which was enlightened when the Earth 
was at , is now in Darkneſs, and all within che 
South polar Circle, 1s now enlightened. 
41. We ſhall now conſider more particularly the 
Appearances that happen to the different Places 
upon the Earth, ariſing from it's annual Motion 
ob t the Sun, in Comjunction with the Rotation 
about it's Axis: In order to which we muſt conſider, | 
that the Inhabitants of this Earth, with reſpect to 
their Situation upon it, are divided into three Kinds, 
viz. - Firft, Such as live upon the Equator. ' _ $e- 
tand, 2H as liye between the Poles and F Sar 
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Thirdly, Such as live upon either Pole. As for thoſe 


that Jive upon the Equator ;" let EpQP be the 
Projection of the Earth upon the Plain of ſome Me- 
Tidian, P the North, and p the South Pole, EQ the 
Equator, and E ſome Place upon it; alſo DA the 
Eeliptick, C D the Tropick of Capricorn, and AB 
the Tropick of Cancer. Then *tis plain that an 
Inhabitant upon the Equator, ſuppoſe at E, will 


Have the two Poles P and p in the Horizon, which 


therefore muſt be a Meridian. And fince all Me- 


ridians biſect the Equator and it's Parallels at right 
Angles, and all the Heavenly Bodies deſcribing 


Parallels in their apparent diurnal Motion; tis 


1 ' 


1 * 


evident that in one Entire Revolution of the Earth 


about it's Axis, all the Heavenly Bodies muſt come 
in View, and they muſt riſe and ſet perpendicular 
to the Horiſon, and be as long above it, as below, - 
j. e. twelve Hours each. Now the Sun always de- 


ſcribing ſome Parallel, or the Equator itſelf, in his 
diurnal Motion; it follows, that to an Inhabitant 


upon 
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u quator there muſt be a conſtant Equality 
ek Nee ht and 


od Day, viz; twelve Hours each; and 


when * Sun in his annual Motion comes to be 


rpendicular to the Point F, he will then deſcribe*: 
the Equator in his diurnal Motion; and conſe- 
quently when he comes upon the Meridian of any 
Place, E, on the Equator, he will be in the Ze- 
nith of it; and moving on in the Ecliptick till he 
be perpendicular to the Point A, (When he is at 
his greateſt Declination from the Equator towards 
the North Pole P, viz. 23 1 Degrees) he will then 
deſcribe the Tropick of Cancer AB, and when he 
comes on the Meridian of E, he will be removed 
from the Zenith towards the North 23 4 Degrees; 
and moving ſtill on in the Ecliptick, he will appear 
to return towards the South, and paſſing the Zenith 
of E, he will go as far South, as he was before- 
North, viz. '23 + Degrees. Conſequently an Inha- 
bitant on the "Equator will have the Sun in his Ze- 


nith twice in one Year, and alſo the Sun will be half 


the Year on, the North Side, and half; the Year on 
the South Side of him; and therefore, will be con- 
ſtantly changing his Place in the Horizon, for when 
he is deſcribing the Parallel A B, he will appear in 
the Horizon at G, and whe he is / deſcribing the 
Equator E Q, he will be in the Horizon at F (the 
Eaſt or Weſt Points); alſo when he is deſcribing the 
Parallel CD he will appear in the. Horizon at H 
South of the Point F. Fg 
Again, Let PE p ep the Projection 
of the Earth on the Plain of ſome Meridian, P 
the North, and 2 
tor, and A ſome Place upon that Meridian, lying 
between the Equator and North Pole, whoſe Ho- 
rizon is HO; alſo BD the Ecliptick, B N the 
Tropick of Cancer, and F D the Tropick of Capri- 


corn; thro' the Points H and O, draw the Parallels 


OG, HK. Then 'tis plain, that te an Inhabitant 


at 


—— — — ⁵ ³lʒ —— — 


the South Pole, EQ the Equa- 


zon and Equator are both 


great Circles, they muſt 
biſect one another (by Art. 4. Cor. 2.); | 


and it's Parallels oblique 


- Half the Equator will be above, and Half below 


the Horizon; confequently when the Sun is per- 
pendicular to the Point C, that is, when he ap- 

to be in the Equator, there will be an Equa- 
ity of Night and Day. And ſince the Horizon 
cuts the Parallels obliquely, it muſt therefore cut 
them unequally, and *tis plain from the Scheme, 
that of thoſe Parallels which lie between the Equa- 
tor and neareſt Pole, the greater Part is above the 
Horizon, and the leflet below; and thoſe that lie 


on the other Side of the Equator, has the leſſer 
4 » a | 


Part above, and the greater below the Horizon; 
arid the nearer the Parallels are to the Poles, the 
more uncqually- are they cut by the man 3 
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| cbtiſeqtuenitly white che Sun is upon the North Se 


of the Equator, ant by tis diutnaf Motion deſetibs* 


ing Parallels, lying between the Equator and | 


- 
* 
: 


' Pole; tis plain he will be longer above than below - 


the Horizon of the Place A; and when he ches 
to his greateſt Declination North, = a de- 
ſcribes. the Tropick of er, tis plain the Days 
melt there be at che looſe do the Place A; alſo 
the Sun teturning towards the Equator, he wilf 
deſeribe Parallels, whoſe 


come nearer to an Equality with the Nights, tilk 
he come to the Equater, when the Day and Night 
ate equal; and proceeding from the Equatot towards” 
the South Pole, he will then defcribe Paralle ly- 


ing between the Equator and South Pole, whoſe 


leaſt Part is above, and greateſt Part below, the 


Horizon; and conſequently the Days will ſtill grow r 


leſs than the Ni 


; *till he comes to the Tropick 
of . 


en the Day is leaſt and the Night 
and then returning to the Equator, the 


teſt; 


ays will increaſe and the Nights decreaſe. Wen 


the Sun is upon the Equator, tis plain, from the 


Scheme, that his Place upon the Horizon will be C. 


that is, he will riſe on the Eaſt Point and ſet on 
the Weſt Point of the Horizon, and when he is in 
the Tropick of Cancer B N, his Place upon the 
Horizon will be M, which is North of the Point 
C, alſo when he is in the Tropick of, Capricorn 


F D, his Place upon the Horizon will be L, which 


is South of the Point C; from which tis plain, that 
the Sun will be always changing his Place upon the 


Horizon. Again, ſince the Horizon of A cuts 


the Equator and it's Parallels obliquely, and the 
Heavenly Bodies by their apparent diurnal Motion, 
deſcribing Parallels,  *tis. plain they muſt riſe and 


ſet obliquely; alſo all of them within the Parallel 


GO 


zun, grow ſtill neater to an Equality with thoſe” | 
below, and fo the Days will ftill dectraſe and 


„ W 
GO can never riſe or ſet, but muſt be conſtantly. 

in View; for which Reaſon this Parallel GO is 
called The Circle of conflant Adparition ; and all Wich- 

in the Parallel HK can never come in View, but 

be conſtantly. below the Horizon, and therefore 

the Parallel HK is called The Circle of Perpetual 
Occultation. | | | 


Laſtly, Let PE 2Q repreſent the Projection 
of the Earth u ome Meridian, P the North 
and p the South Pole, EQ the Equator, A B the 

Ecliptick, BC the Tropick of Cancer, and A D 
the Tropick of Capricorn; then tis plain that the 
Equator is the Horizon of both Poles, and conſe- 
quently. the Northern Hemiſphere muſt always be in 
View, and the Southern always hid to an Inhabitant 
at P; alſo: the Heavenly Bodies will appear to 
move in Circles parallel to the Horizon, and the 


5 


fixed Stars will ever deſcribe the ſame Parallels, 


and always have the ſame Height above the Ho- 


his annual Motion 


rizon. When the Sun by 
| 12 8 | | comes 


. 


* 
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comes to be petpendicular tothe Point F, and then 
deſcribes the Equator, tis plain he will be in the 
3 of both Poles, and by his diurnal Motion 
will appear to move quite round it; , and ſince 
Half the Ecliptick F B is above, and the other Half 
FA below the Horizon of P, *tis plain all the 
Time the Sun is in deſcribing that Half of the 
Ecliptick on the North Side of the Equator, he 
will be above the Horizon of P, and all the Time 


he is in deſcribing the other Half on the South 
Side of the Equator, he will be below the Hori- - 


'Zon of P; from which 'tis plain, that an Inhabitant 

at either Pole will have Half a Year continued 
Day, and as lopg Night. And ſince the Suns 
greateſt Diſtance from the Equator South or North is 
23 + Degrees, *tis plain his greateſt Altitude, or De- 
preſſion, above or below the Horizon of either Pole 
muſt be 23 + Degrees. 


2. Thoſe that live upon the Rovutor are ſaid 


to have a Right Sphere, becauſe to them the Hea- 
venly Bodies appear to riſe and fer perpendicular 
"to the Horizon; and thoſe who live between the 
Equator and either Pole are ſaid to have an Obligue 
Sphere, becauſe the heavenly Bodies appear to 
riſe and ſet obliquely; and Lefty, thoſe who live 
on either Pole are ſaid to have a Parallel Sphere, be- 
cauſe the heavenly Bodies appear to move Fe to 
the Horizon. 

43. The Moon, being an opaque een Body, 


receives it's Light from the Sun and reflects that 


upon the Earth, and that Half of it which is op- 
poſite to the Sun, is enlightened, while the other 
Half which is averſe from it, is involved in Dark nel 
but the Half which is viſible to us, is that which is 
oppoſite to the Earth; and therefore according to 
e various 'Situations of the Moon, with reſpect to 
the Earth and the Sun, it will have different Illumina- 
tions; for ſometimes a* greater and ſometimes a 
© 5966 leſſer 
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leſſer Part of the enlightened Beatty is ante 
to the Earth; and likewiſe ſometimes the Whole, 
and ſometimes none at all of the enlightened Hemi- 
ſphere is ſeen from the Earth. To explain which, 
let S repreſent the Sun, T the Earth, RT X 
a Part of the Earth's Orbit, which it deſcribes 

in it's annual Motion about the Sun, ABCD 
E FG H, the Orbit of the Moon, in which 
it moves round the Earth from Weſt to Eaſt, 
in the. Space of a Month; PN O M the Moon's 
Body, and it's Center L; let the Centers of 
the Sun and Moon 'be joined with the right Line 
SL, then ſuppoſe the Plain ML N paſling thro' 
the Center of the Moon, perpendicular to the Line 
SL; and this Plain will cut the Surface of the 
Moon in a great Circle, which will be the Termi- 
nator of Light and Darkneſs, viz. it will divide 
the enlightened Hemiſphere from the darkened; al- 
ſo let the Centers of the Earth and Moon be joined 
with the right Line T L, and perpendicular to it 
draw a Plain paſſing thro the Center of the Moon, 


and this will cut the Moon's Surface in a Circle 


PLO, which will divide the viſible from the in- 
viſible Hemiſphere of the Moon; this Circle is cal- 
led The Circle of Vifion. And hence tis plain, that if 
the Moon be in the Point A of it's Orbit, oppolite 
to the Sun, the Circle of Viſion PL O will catncide 
with the Terminator M LN, and fo the whole enlight- 


; __ __ened Hemiſphere. of the Moon: will be turned to- 


- wards the, Earth, and then it is called Full- Moon, 

with reſpect to the Situation of the Sun, it is ſaid 
to be in Oppaſition; becauſe the Sun and Moon, 
en from the Earth, appear at that Time to be 
in oppoſite Points of. the Heavens. Wben the 
Moon bas come to the Point B of it's Orbit, 
«then. tis plain, that the whole enlightened Hemi- - 
0 will not * nes to * Earth, WL 5 5 
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of it, as MP will be without the viſible Hemi- 


| ſphere, and therefore the yiſible illuminated Part 


cannot be circular, but will appear gibbous; when 
the Moon is in the Point C of her Orbit, and the 


Angle CTS a right Angle, then the Angle T CS 
will alſo be a right Angle, (at leaſt differing little 


from it) for becauſe of the vaſt Diſtance of the Sun, 


from the Earth and Moon, the Lines \S,T, S C 


be taken as parallel; conſequently -the. Circle 


of Viſion will biſect the Terminator at right Angles, 
and fo only one Half of the enlightened Hemiſphere 
will be in the Viſible, and then the Moon appears 
to be halv'd, and is called Half Moon. In this di- 


tuation the Moon is only a Quadrant's Diſtance ff 
the Sun, and therefore it is ſaid to be in one of it's 


 Quadratures. The Moon proceeding to D, *tis plain 


that in this Situation only a ſmall Part PN of the 
enlightened Hemiſphere is turned to the Earth, and 


the greateſt Part NO of the viſible Hemiſphere 
is darkened; and conſequently, / becauſe of the 


ſpherical Figure of the Moon, it/ will then appear 


| horned, and it's Horns will be turned towards the 


Weſt. When the Moon is arrived at E, *tis plain 
the Circle of Viſion will again coincide with the 
Terminator, and the whole darkenened Hemiſphere 
will be turned to the Earth, and then it is ſaid to be 
Neo- Moon; but with; reſpe& to it's Situation with 
the Sun it is ſaid to be in Conjunion, becauſe it ap- 
pears to be in the ſame Point of the Ecliptick with 
the Sun; and when it has moved a little forward to 
F, tis plain Part of the (enlightened Hemiſphere, 


viz. MO, will be in the Viſible, and fo it will again 
appear horned, and having them turned towards the 


ſt; alſo when at G it will appear halved, and when 
at H gibbous ; and Lefty, when it comes to A it will 
appear full. TOT £ 


44. Though (as was faid in Art. 28.) the Moon 
moves quite round it's Orbit in 27 Days, and 
| 7 Hours, 
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: Hours nearly, called the Fru. Month ; Ry 
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Time it takes from one Oonjunction with the Sun 


to the next, is greater; being 29 Days, and about 
12 Hours, which is called The Synodizk Month; for 


let S be the Sun, T the Earth, AB a Part of the 
_ Earth's Orbit about the Sun, and AL D C the 


Orbit of the Moon then when the Earth is in T, 
let the Moon de in L, in Conjunction with the 
Sun; and while the Moon is moving from L round 
it Orbit LAC, tis plain that the Earth in the 
mean Time will be moving on in it's Orbit about 
the Sun, and carrying the Moon's Orbit along with 
it. And wen the Moon has moved quite round 


it's Orbit, the Earth will be carried from T to t, 


and the Moonks Orbit will be in the Situation, 
Ja c d, and the Point L wilt be in the Line f 1, 
parallel to the former T L, and conſequently the 
Moon will then be in /; but will not be jn Con- 
junction with the Sun *till it has moved a little fur- 
ther and deſcribed the Arch / M, which is ſimilar to 
the Arch r T, betauſe the Angles /# M, ST are 
equal (by Art. 36. Sect. I.) And hence it s that 
tho* the Moon mdyes round it's Orbit in 27 Days, 
7 Hours, yet from new Moon to new Moon itꝭ takes 


29 Days, 12 Hours. 


45, If the Moon's Orbit lay in the Plain F the 


Ecliptick; *tis plain in a Month's Time the Moon 


would move round the ſame Circle in the Heavens, 
that the Sun appears to do in a Year, viz. the 
Ecliptick ; but the Moon's Orbit does not lie in 
the ſame Plain with the Ecliptick, but is- inclined 
to it at an Angle of about five Degrees, and con- 
ſequently muſt interſect it in a right Line paſſing 
through the Center of the Barth; and one Half of 
the Orbit will be above the Ecliptick towards the 
North, and the other Half below towards the 
South. The Line of Intefſeftion is called The Line 
of the Nodes, the two Extretnities of which are called 
The Nodes. The Node th Which the Moon is when 

e aſcending 


* * " 
4 * 


GrooRAPHY and ASTRONOMY. 10g 


aſcending above the Ecliptick towards the 97 
is called The Aſcending Nate or re Head, for 
brevities ſake marked thus e 
one, viz. that in which the Moon i is hen 

ing below the Ecliptick towards the South, is el 


The Deſcending Node, or Dragon's Tail, marked thus 8. 


Hence tis plain, that the Moon cannot appear in the - 
Ecliptick above twice in one Period, viz. when. it is 


in the Nodes; and in other Points of it's Orbit, it 


will be more or leſs diſtant from the Ecliptick, ac- 
cording as it is more or leſs removed from the neareſt 
Node; theſe two oppoſite Points in the Orbit, that 
lie in the Middle between the Nodes, are called The 
Limits; and when the Moon is in either of theſe, 
225 is then at her greateſt Diſtance from the Eclip- 
tl N 
46. The Height of the neareſt Pole above the 


Horizon of any Place, is equal to the Latitude of 


that Place. Fer let A be any Place upon the 
Earth, A HO it's Meridian, HO the Horizon, 


EQ the Equator, P and p the to Poles; then tis 


plain A E will be the Latitude of the Place, and 


P O thi Height of che e Pole above the _ 
eee Now ſince the Arches PE, and AO ae 
H 4 3 
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equal, bang each a Quadrant, i both take 
dr. common Arch A P, and there will remain AE 
equal to PO; that is, che Height of the Pole above 
the Horizon is equal to the Latitude. Alſo ſince the 
- Arches AH, and EP are equal, being both Qua- 
 drants, from both take the common Arch A E, and 
there will remain E H equal AP; that is, the Height 
of the Equator above the Horizon of any Place, is 
equal to the Complement of the Latitude a dla 
Place. by 
47. Great Circles paſſing through the Poles of the 
Ecliptick, and cutting it at right Angles, are called 
SCSecondaries of the Ecliptick. | | 

: 48. The Latitude of any heavenly Body, is i 
Arch of the Secondary paſſing through the Center of 
the Object, intercepted between it and the Eclip- 
tick; and it is either North or South; according as 
the Object is on the Not or South —_— 17 rhe 
I. 727 

49. The Longitude of any celeſtial Body, 5 an Rech 
of the Ecliptick intercepted between the Secondary 
paſſing through that Body, and the firſt Point in 
Aries. 

50. The Declination of any heavenly Body is an 
Arch of a Meridian paſſing over that Body, in- 
rercepted between the Center of it and the celeſtial 

uator; and it is either North or South according 
as the Body is on the North or South Side of the 

uator. 

51. Since the Sun by his annual Motion, 3 is al- 
ways either approaching nearer to, or going fur- 
taer from, the Equator; tis plain he muſt be con- 
tinually changing his Declination. In the third 
Table at the End of this Book, you have his De- 
clination for every Day of the Year; in which you. 
may obſerve that in the Top Columns ſtand the 
Year; Month, and Kinds of the Declination, 214. 
98 it be South or 1 88 and in the Lefr: _ 
« ; Column 
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Column ſtands the Day of the Month; the other 
Columns contain the Declinations anſwerable to 
theſe; conſequently to find the Sun's Declination 
for any Day, ſuppoſe” the ' twentieth of April, 
1769. I look at the Top for the Year 1709s and 
the Month April, and in the fide Column for 20, 
then in the Column below April, and on the fame 
Line with 20, I find 119, 40“ for his Declination 
North; and the ſame Way his Declination may be 
found for any other Day. But you muſt obſerve 
that this Table is calculated only for the Meridian 
of London, and the Noon there; that is, it ſhews 
the Declination of the Sun when upon the Meridian 
of London; and conſequently to find the Sun's De- 
clination for any other Time of the Day, we muſt 

conſider whether the given Time be before or after 
Noon; if it be before, then ſay, As 24 Hours is to 
the Difference between the Declination of the Sun, 
the Noon of the preceding Day, and his Declin. 
tion the Noon of the preſent Day; ſo is the 
Time from Noon laſt Day, to a fourth Proportional; 
which, if the Declination be increaſing, muſt be 
added to, but if decreaſing ſubtracted from, the Sun's 
Declination the Noon of the preceding Day; and 
the Sum, or Remainder, is the Declination for the 
preſent Time. | | 1 
; : Example. Suppoſe it were required to find the 
* Sun's Declination, on the fifteenth Day of April 
| 1767, at 8 Hours, 25 Minutes in the Morning. 
* To dò this, I firſt look in the Tables, for the Sund 


Wy. Declination the fifteenth Day of April 1767, and 

1 find it to be 99, 447; then 1 look for it the fourteentn 
4 Day, and find it to be 99, 227, the Difference of 

5 ttheſe is-21/; then I ſay, as 24 Hours is to 217; So is 

” 20 Hours 25 Minutes, the Time elapſed ſince laſt 

de Ncon, to 18“; which added to 90, 23! (becauſe 

2. the Declination is increaſing) gives 90, - 41”, for the 
nd Sun's preſent Deelination. Again, if the Time 

An 
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propoſed be. after Noon; then to and Ae 
tion for that Time, we muſt look in the Tables, 
for the Sun's Declination the Noon of the | 
Day; and for the ſame, the Noon of the following 
Day, and take the Difference of theſe Dedinations ; 
then ſay, As 24 Hours is to the Difference of the 
Declinations, So is the Time elapſed ſince Noon, 
to a fourth Proportional; which added to, or fub- 
tracted from, the Sun's Declination the preſent Day 
at Noon (according as the Declination is increaſing ur 
decreaſing) gives the Sun's Declination at the Tos 
propoſed. 

Example. Suppoſe it were required to find the Sun's 
Declination on the twenty-third Day of - Fully 4967, 
at 4 Hours, 23 Minutes after Noon. To do this we 
muſt firſt look in the Tables, for the Sun's Derlina- 
tion the twenty- third Day of  Fuly 1767 and will 
find it to be 20%, og, then for his Declination the 
following Day, which is 19%, 57/, and the Difference 
between theſe two is 12/.; then ſay, As 24 Hours is 
to 12/, So is 4 Hours, 23 Minutes, the Time elap- 
ſed Goce Noon, to 2', which. (becauſe the Sun's De- 
clination is decreaſing) . ſubtracted . from | 20%, og! 
the Declination of the Sun at Noon ef the pr 
Day, leaves 20% o7/, the Sun's Declination for = ; 
Time propoſed. : 
And ſince the Table of the Sun's Declination at 
the End of this Book is fitted to the Meridian of 

London, tis plain it cannot ſerve for the Meridian of 
any other Place, lying on the Eaſt or Weſt Side of 
the Meridian of London; for while the Sun by his 
apparent diurnal Motion is paſſing from one Meridian 
to another, he is at the ſame Time ſtill moving on 
in the Ecliptick, and conſequently altering his De- 
clination. Now to find the Declination of the Sun 
when he is on the Meridian of any Place, lying on 
the Eaſt or Weſt Side of London, we muſt | take the 
* of between London and the 
given 
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given Place (or if the Meridian of London be ſup- 
| ed the firſt Meridian, we muſt take the Longi- 
tudo of the Place) and convert this into Difference 


Time, which will ſhow the Time, before or 
Noon at London, the Sun is upon the Meridian 
of the Place propoſed; viz. if the Place lie on the 


Eaſt Side of Londen, the Time will be before Noon; 


but if on the Weſt it will be after Noon; then 
finding, according to the preceding Examples, the 
Sun's Declination at the Time propoſed, the ſame 


will be his Declination when on the Meridian of the 


pro oled Place. 


his may be done another Way, vis. by the 


Help- of the Table of the Variation of the Sun's 

ination to every 15 Degrees of Longitude from 
the Meridian of Londen, annexed to the Table of 
Declination ;; the upper Column of which ; contains 
the Degrees, and the Left Hand Side Column con · 


tains the Minutes of the Sun's daily Variation; and 


the. other Columns contain the Minutes anſwering 


to the Degrees and Minutes in the top and ſide 


Columns. Now to find the Sun's Declination any 
Day, when he is on the Meridian of any Place, ly- 
ing on the Eaſt or Weſt Side of —— by this 
Table; we muſt firſt find the Sun's Declination for 
the pteſent and for the following 7 and the 
Difference between theſe two will give us the 
daily Variation at that Time; then look is in — Table 
of Variation, Sc. at the Top, for the Difference 
of Longitude between London and the propoſed 


Place, and in the ſide Column for the Minutes of 


Variation; then below thele Degrees in the Top 
and on the ſame. Line, with the Variation in the 
ſide Column we ſhall find the Variation required i 
which, if the propoſed Place be Weſt of London, 


and the Declination inereaſing, moſt be added to 
the Declination for the ꝓreſent Day, and the Sum 
1 che Neclination, NOI dut if che W 
*» | ' 


. 
* 
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be decreaſing, then the Variation ſubtracted from | 


the Declination gives that required; again, if the 
Place lie on the Eaſt Side of London, and the De- 


clination increaſing, then the Variation ſubtracted 
from the Declination for that Day, leaves the De- 


clination required; but if the Declination be de- 


creaſing, then the Variation added to the Declination 


gives that required. 

Example. Let it be required to find the Sun's 
Declination when he is on the Meridian of St Lucia 
(whoſe Longitude from London is 609, 15 Weſt) 
on the ſeventeenth Day of May 1767. To do this, I 
firſt look in the Tables for the Declination of the Sun 
the ſevententh Day of May 1767, and find it to be 
199, 18!, then for the ſame on following Day, 
and 1 find it to be 190, 32!, the Difference of 
which-1s 14 Minutes, the Sun's daily Variation at 


that Time; then I look in the Top of the Table of 


Variation, Sc. for 60 the Difference of Longitude, 
and in the ſide Column for 14; and below 60, and 
in the ſame Line with 14, I find 2 Minutes, which 
(becauſe the Place is Welt of London, and the Decli- 
nation increaſing) I add to 19, 180, and the Sum 
is 199, 200, the Sun's Declination at S/ Lucia the 
ſeventeenth Day of May, 1767. | 

From this you may obſerve, that the Method of 
ſolving this Problem by the Table of Variation, 
Sc. is not near ſo good as the former, for here 
we- can only enter the Table: with a Number of 


Degrees, which is either 15% or ſome Multiple 


of it below 195, and all the odd Degrees and 
Minutes muſt be thrown away; but in the former 
Method we can uſe any Number of Degrees and 
Minutes. 

52. Since the fixed Stars always keep the ſors 
Places in the Heavens (at leaſt in a few Years 


their Variation is inſenſible), *ris plain their De- 


clination muſt ſtil] be the ſame. At the End 


gf 
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of the Table of the Sun's Declination, there is a 
Table of the menen, vi the moſt e ROY 
Stars. | 
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7 3 A Latitudes ee. places oy W Meridien Ai 
tude and Declination of any Celeſtial Objea, 


This Problem admits of ſeveral Caſes, according as 
the obſerved Object is ſituate with reſpect to the 


Equator, and Place of Sg ger Which are as 
follow. 


Caſe x. When the Sun or Star levvel 3 | 
Declination, or is upon the Equator, then the 


Zenith Diſtance of the Object is equal to the Lati- 
| tude of the Place, which is North Latitude if the 
a Sun or Star come to the Meridian, on the South 
p 
2 


Side " the and 5 South if on the North Side. 
For in the annexed Scheme, let Z repreſent the 
Place; f Obſervation, QP E ib Meridian, E he 
; the 


110 ' Latitade by n 
the Equator, H O the Horizon, P 4 WA br 
p the South Pole; then tis plain, ſince the ob- 


ſerved Object is ſuppoſed to have no Declination. 


that EQ will repreſent the Path of it's diurnal 
Motion, and when it comes upon the Meridian, 


EE will be it's Zenith Diftance, which is manifeſt- 


ly equal to the Latitude of the Place Z. And when 
the Object at E is South of Z, tis plain the Place Z 
muſt be North of E, and conſequently the Latitude 
will be North. 

Caſe 2. If the Sun or Star, who on the Meridian, 


zs in the Zenith; then the Declination of the Object 


is the ſame with the Latitude of the Place, For it is 
evident that in this Caſe they are equally diſtant from 
the Equator, and on the ſame Side of it; conſequently 
if the Declination be North, the Latitude will alſo be 
North, and if South, South. 

| Caſe If the Sun or Star be between the Equa- 
tor 4 Place of Obſervation, then the Latitude 
of the Place is equal to the Sum of the Zenith 
Diſtance and Declination of the Object; and it is 
of the ſame Name with the Declination, viz. if 
the Declination be North, the Latitude is alſo 


North, & e contra. For in the adj acent Scheme, 
let A 'B . the Parallel Ahab; 1 ar 
, erv 


geme, 
y the 
ſerved 


Place upon the Meridian, ſituate between Z, the 
Place of Obſervation, and E Q the - Equatars 


then tis plain that Z E the Latitude of the Place 


Z is equal to the Sum of E A the Declination, 


and AZ the Zenith Diſtance, and if the Declina- 


tion be North, the Latitude will alſo; be North, 
& contra; ſince in this Caſe the Object and Place 
of Obfervation lie both on the ſame Side of the 
Equator. | 
p 74 mple. LE HC Day of April 
1766, j Sun, when on the Mien dias, has 52% 
120 of Altitude, and conſequently 376, 48“ Ze- 


nith Diſtance, ane the en A the 1 of 
Obſervation. __..... 


The Sun's Decknition that Day i is 12%, 3 5 N. 
His Zenith Diftance - - 37, 48/ 


— — 


The Sum is the Lattade, viz. - 50% 25 'N. 


Cafe 4. If the Sun or Star be on the contrary 
Side- of the Equator, with the Place of ds 


tion, and confeqienaly both Declination and; Zenith 
Diſtance be of the fame Name, viz. either both 
North or both South; then the Latitude 1 is _ 


94-54 1 5 2 
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obſerved Object in it's diurnal Motion, and A it's 
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by taking the Declination from the Zenith Diſtance 

and it is of a contrary Name with the Declination. 
For in the adjacent Figure let B D repreſent the Pa- 
rallel deſcribed by the obſerved Object in it's diurnat 


Motion, on the other Side of the Equator E Q with 
the Place Z, and B will be it's Place when upon the 


Meridian; then *tis plain, that if from Z B, the Ze- 
mth Diſtance, be taken B E the Declination, there 
will remain Z E the Latitude of the Place of Obſer- 
vation Z, and the Latitude will be of a: contrary 
Name with the Declination ; fince in this Caſe, the 
Object and Place are on contrary Sides of the Equator. 
Example. Being at Sea the 23d Day of January, 
2766, 1 found the Meridian Altitude of the Sun to 
be 430, 157; conſequently his Zenith Diſtance 46®, 
45 and he was South of me: Required the Latitude 
of the Place of Obſervation, and which, Way it is: 


From the meridional Zenith Diſtance - 46% 45, 8. 
take the Sun's Declination - - 190, 24, 8. 


— — 


there remains the Latit. of the Place - 27%, 11/, N. 


When the Zenith Diſtance and Declination are equal, 
and both of the ſame Name, chen the Latitude vaniſhes, 
and conſequently rie Place is ſituated on the Equator. 

Caſe 5. If the. Sun or Star be\between the Place 
of Obſervation and the -neareſt Pole, and conſe- 
quently both Declination and. Zenith Diſtance be 
of the ſame Name; then from the Declination ſub- 


tract the 5 Diſtance, and the Remainder is 


the Latitude of the Place of Obſervation, and it 


is of the ſame Name with the Declination. For in the 
annexed Scheme, let K L repreſent the Parallel de- 
ſcribed by the obſerved Object in it's diurnal Motion, 
and K will be it's Place when upon the Meridian 
then tis plain, that if from K E the Declination, 
taken Z K the meridional Zenith Diſtance, there will 
\ remain 
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Ob ect and Place of Obſervation are in this Caſe upon 
= ſame Side of the Equator. 


Example 1. Su 5 7 Js on the fourth Day of July, 1765, 
I Eee the Meridian Altitude of he Sun to be 
820, 403 conſequently his Zenith Diſtance 7, 56": 


* K : | ha ys * 
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remain Z E the Latitude of the Place, which will be 
IS with the Declinarion, fince the. 


Required the Latitude of the Place of Obſervation, | 


and which Way it is. 
The Sun's 8 that ay. is 24% 63 N. 
his Zenith Diſtanſe = - - 49, 5& N. 


the Difference is the Latitude, viz. - 14%, 57 | N. 


Example 2. Being at Sea, I obſerved the Meridian 


Altitude of the middlemoſt Star in the Tail of the 


Great Bear, to be 560, 44 North; conſequently it's 
Zenith Diſtance 33®, 16%, and it's Declination being 


569, 22/ North: Required the Latitude of the Place 
of Obſervation, and which Way it is. 


From the Declination - „ 36», 22 N. 


take the Zenith Diſtance - 8 33% 16 N. 


there remains the Latitude 239, os N. 
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Tue 6. If the Sun or Star be between the Honi- 
zom and the elevated Pole, chen to the Altitude 
add the Complement of the Declination, and the, 
Sum will be the Latitude of the Place of Obſer- 
vation, and of the ſame Name with the Declina- 
tion. For let AB be the Parallel deſcribed by 
the Object in it's diurnal Motion, B it's Place on 
the Meridian, when | between the Horizan and 
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elevated Pole; then tis plain, that if to BO the 

Altitude, be added B P the Complement of the De- 

clinatien of the Object, the Sum PO will be equal 

to the Height of the Pole above the Horizon, which 

(by Art. 47. Sect. III.) is equal to the Latitude 
of the Place of Obſervation Z, and it will be of 
the ſame Name with the Declination, fince both 
the Place and the Object are on the ſame Side of the a 
Equator. 5 b 
Example. Being at Sea, 1 obſerved the bright Star 0 
of the Harp on the Meridian, between the Horizon 8 
and elevated Pole, it's Altitude being 89, 3%, and 3 
Declination 389, 33“ North: Required the Latitude 
of the Place of Obſervation. 8 fg 
To the Complement of the Declinat. 519, 27” N. | 
add the Altitude - - - = - - 89, 33“ N. tc 


the Sum is the Latitude - 3 - - 609, od N. et 
ITS 3 cſe7 
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Caſe. When che obſerved Obje& does not ſet, ahd © | 
the Complement of it's Deelmation 5 | 
than the Latitude of the Place; then, tis 2p” hon | 
Odject will be twice upon the Meridian in 

vix. at it's leaſt and greateſt Altitude; When the AL 
titude is leaſt, the Ohe ht is then between the Horizon 
and elevated Pole,” and by that Altitude and Declina- 
tion af che , the Latitude of the Place may be 
found (as in the laſt Caſe) ; but when the — 
1 = Obj & ĩs AN on the other Side of | 

Pole. with theſe two Meridian Altitudes, wi 

aut —— ehe Declination of the Object, we kin | 
ind the Ide of the Place, thus; if the two | 
Alritudes be both on "cle Tame Side'of the Zenith, _ \|} 
then from the greateſt ſubtraci the leaſt, and half the 1 
Remainder added to the leaſt gives the Latitude, of 
che ſame Name with the Zenith Diſtance; for in the 
preceding Scheme, where AB repreſented the Parallel 
of Declination; deſcribed by the Object 1 in it's diurnal 
Motion, BO is leaſt, and A O it's greateſt Meridian 
Altitude, tis plain, if from AO be taken B O, 
the Difference will be AB, the half of which PB 
added to B Q, gives F O the Height of the Pole 
above the nn equal to the titude of the 


Place. 

Example. Bing at Sea, I oblerved *. Northermoſt 
of the two preceding Stars in the Square of the Great 
Bear, which did not ſet, and found the leaſt Altitude 
to be 230, 12/, and the greateſt 220, 46&', both North 
of my Zenith: Required the Latcude of the Place 
of Obſervation. 


From the greateſt Altitude "> =: 4% 20 N. 
take the leaſt t - - 239, 127 N. 


the Remainder is - - - 49 % 34) £ 
the half of which is 2405 47” 4+. 
to which FA the leaſt Altitude - 23% 12" 


tte Sum will been - - "43%, 39 
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- which is equal to the Latitude of che Place, e is 
. becauſe en e is on the North 
Bar if the greateſt and leaſt Meridian- Altirudes 
of the Object be upon different Sides of the 
Zenith, viz. the one upon the North and the 
other upon the South Side; then from the Sup- 
plement of the greateſt Altitude ſubtract the leaſt, 
and half the Remainder added to the leaſt Alti- 
.tude, will give the Latitude of the Place of Ob- 
ſervation, Which will be of the ſame Name with 
the leaſt Altitude, vix. North, if the leaſt Alti- 
' tude be North of the Place, & e contra. For in 
the annexed Figure, let B A repreſent the Parallel 
dieſcribed by the Object in it's diurnal Motion, 
B and A the Places of the Object when upon the 
| Meridian, on on contrary. Sides of the Zenith Z; BO 
it's leaſt Altitude, and H A it's greateſt Altitude, 
the Supplement whereof is AO. Now tis plain, 
that if from AQ we e OB,” dle * 


will be AB, the half of which, PB, added to 
BO makes PO the Height of the Pole above the 
Horizon, or Latitude of the Place Z; which will 
be North if the leaſt Altitude BO be on. the 
North Side of the Place, becauſe in Ae 13 the 
North Pole will be ned. i 


ample. 


- 
„ _— 


* * 
v 
— > 2 
9 - 
* „ 1 
* 


9 e eee 1 7 | 
. Example. Being at Sea, I obſerved the Sun wben 
ke did not ſet, — found his leaſt Meridian Altitude 
to be 39, 297 on the North Side of the Zenith, and 
bis greateſt Meridian Altitude was 430, 29" on the 
South Side: Required the Latitude of the Place of 


Obſervation. 


From the Supplement of ak Sun 8 6 * 1 
. greateſt Meridian Altitude 1 130% 3 BY: cv; 
take his leaſt e — s "= 


and there 1 8 — —— 1335 5 
the half of wich is: =, = 669, ar 
to which adding the leaſt nen — 35 29% 
the Sum is — - = 70, oof N. 
the e of the place of Obſervation add 


. 3 

 — eo : 
— — * — ; 
1 ? — * * 8 


Ne Mg an 
Of the Elements of Chronology | 


IME conſidered abſtractedly, withou: any 
Relation to external Objects, flows always 
equally and uniformly, and it is called Abſolute, 
True, and Mathematical Time, or, ſimply, Dura- 
tion. But that which commonly goes under the Name 
of Time, is a certain Part of Duration meaſured by 
the ſimple and uniform Motion of ſome Body, ſuch” 
as the Motion of the Celeſtial Bodies, and particularly 
of the Sun and Moon; this is called Relative, Appa- l 
rent, or Vulgar Time. 3 
2. Time is divided into Years, Months, Weeks,” 
Days, Hours, Scruples or Minutes, Se. | 
3. A Day is of two Kinds, viz. Natura! PPD - 
tificial ;. a Natural Day is that Space of Time that 
flows while the Sun moves from any Meridian, till 
he comes to the Have gun. An Artificial Day 
13 175 | 8 
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is that "vat of Time that the Sun collcinins above 
the Horizon, and the Time he continues below it is 
called a Night, + © wi 
4. An Hour is à certain determinate Part of the 
Day, and. is either equa/ or An oqudl Hour 
is the twenty-fourth Part of a e Day; and 
an unegual Hour is the twelfth Part of an artificial 
Day, Which is alſo called a' Aiurnul Hour, as the 
twelfth Part of the Night is called a metlurnal 
Hour; theſe are likewiſe called Temporary Hours, 


becauſe at different Seaſons of the Year they are of 


different Lengths. for a diurnal Hour in the Summer 
is longer, and a nocturnal ſhorter; than in the Win- 


ter; but in the equinoctial Day, a diurnal Hour is 
equal 10 2 nocturnal, and then they are called ene. 


* Hours. _ 

The diurnal Hear, begin at the Riüng and 
2 the Setting of the Sun; and the nolturnal 
Hours begin at the Setting and end at the Riſing of 
the Sun, Theſe Hours were antiently in Uſe among 

the Jeus and Romans, and at — 8 among the 
Turks. They were antiently called planetary Hours, 
becauſe in every Hour one of the ſeven Planets 
was ſuppoſed to preſide over the World; thus, for 
e, on Sunday, the firſt Hour from San-rifing 

was allotted to the San, the ſecond fell to Venus, 
the third to Mercury; and fo on to the reſt in order, 


u. to the In, Saturn, Jupiter, and Mars.” > 


Means, the firſt Hour from Stm-riſing, the 
next Day fell to the Moon; from which it was 
called Monday, and ſo on thre? che'other Da ays ok the 


We. each Day getting it's Name from t 3 Plaitet' 
roſe to preſide the fit Hour of 5 


N e 
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rent Times. Thos the Babylonidns,” K 
y art 


l the Hour an n. that, they called the 


ſoveral other eaſtern Nations; began their 
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firſt Hour, and ſo counted on till they came to the 
twenty. fourth. or laſt Hour, which was the Hour be- 
fote Sun: riſing. The Jews and Grecians began their 
Day at Sun-ſet; as at this Time the Jtalians, Siciliant, 
Bohemians, Polanders, and Auſtrians do; the Hour be- 
fore the Sun-ſet they call the. laſt or twenty+*faurth 
Hour, and the Hour after the Sun is ſet, they call the 
firſt Hour; and ſo count on to the twenty-fourth, 
when the Sun ſets again. DATE We 

7. The Egyptians, and Romans, antiently began 
their Day at Midnight; which was followed by 
Hipparchus, Copernicus, and other Aſtronomers, in 
their Aſtronomical Obſervations, and is till retained 
in Britain, France, Spain, and moſt other Places in 
Europe; but the Arabs, and modern Aſtronomers, be- 
ga the Day at Noon, viz. when the Sun is upon the 
MO. 


8. A Week is a Succeſſion of ſeven natural Days, 
each of which. has à particular Name allotted to it, 
25 the firſt is called Sunday, the ſecond Monday, and 
on. — | 1 N 2 

9. A Mauth is a certain Syſtem of Days, con- 
ſitting of ſomething more or leſs. than thirty Days, 
and is of two Kinds, viz. Aſtronomical ot Civil; an 
Attronamical Month js that which is governed ei- 
ther by the Motion of the Sun, or that of the 
Moon; and conſequenthy is of two Kinds, uiz. Solar 
or Lunar. A Saler Month is that Time which the 
Sun takes to run through a whole Sign, or the 
twelfth Part of the Ecliptich; and a Lunar Month 
is that which is meaſured by the Motion of the 
Maon round the Earth, and is of three Kinds, vis. _. 
Periodical, Synodical, and that of Jiluminazios ; the 
Perjogdical and Sywadical Months are defined in 
Art. 45. Set. III. and the Month of Hamineation or 
Apparition, is that Space of time contained between 
the Day that the Moon begins to appear alter 
Change, to the Day that ſhe diſappears ; and this 
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| - conſiſts of twenty-eight Days nearly. A Civil or Po-. 

| litical Month, differs from the ' Aftronomical, and 
conſiſts of more or fewer Days according to the Inſti. 
tution of the Country in which they are uſed. 

10. A Year is a certain Syſtem of Months, and 
is either Afronomical or Civil; the Aſtronomical 
Year is of two Kinds, UiZ. Solar. or Lunar; and 
the Solar Year, is either Sidereal or Tropical. The 
| Sidereal Year is that Space of Time that the Sun 
| takes to move ” from a fixed Star till he returns to 
| the ſame again; and it conſiſts of 365 Days, 6 
| Hours, 9 Minutes, and 14 Seconds; the Tropicat 
| - . Year is that Space of Time which flows while the 
| Sun moves from any one of the Cardinal Points, 
| till he returns to the fame again; and jt conſiſts 
| of 365 Days, 5 Hours, 48 Minutes, and 57 Se- 
| conds, and commonly gets the Name of the Solar 
* - Tear. 

11. A Lunar Year conſiſts of a certain Number 
of Months, and is either Common or Emboliſmic. A 
| Common Lunar Year conſiſts of twelve Synodic Luna- 

FE tions, and an Emboliſmis contains thirteen. 

12. The Civil or Political Year conſiſts of a cer- 
tain Number of Days, more or fewer, according to 
the Laws and Cuſtoms of the Countries in which it 
1s received. 

1 13. Since the Common Lunar Year eonſiſts of 
twelve Synodic Months, or 354 Days nearly, and 
the Solar conſiſts of 365 Days, (throwing away 
the odd Hours and Minutes) tis plain that the 

Solar Year will exceed the Lunar by about 11 

Days; and conſequently in the Space of about 
thirty-three Years, the beginning of the Lunar Year 

will be carried thro? all the Seaſons; and hence it is 

called the Movable Lunar Year. This Form of the 

Year is uſed at this Time by the Turks and Ara- 

ws and becauſe in three Years Time, the Solar 
ds the Lunar by 33 Days; therefore to w_ 
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the Laar Months in the "fame Seaſons 'and Times of 
the Solar Tear, or near it, they added a whole Month 
to the Lunar Year, every third Year, and fo made it 
cConſiſt of thirteen Months; this Year they called the 
_ Emboliſmic Year, and the additional Month, the Em- 
bolimean, or  Intercalary Month. This Form of the 
Lunar Year is called the fixed Lunar Year; and it was 
uſed by the Greeks and Romans till Julius Ceſar's Time. 
14. The Egyptians made Uſe of the Solar Years, 
and made each conſiſt of 365 Days, which wants of 
the Tropical Year, almoſt 6 Hours ; and conſequently 
the Egyptian Year began always 6 Hours — than 
the Tropical Tear; by which Means in four Times 
365 or 1460 Years, (called the Great Canicular Year 
or Sothiacal Period) the Beginning of the Year moved | 
through all the Seaſons. e | 
15. Julius Cæſar, in order to rediies the Civil or 
Political Year nearly to an Equality with the Tropical; 
and conſidering that the Tropical Year conſiſted of 
365 Days, and 6 Hours nearly, which exceeded the 
Civil Year by 6 Hours each Year, and conſequently 
in four Years exceeded it by one whole Day; he or- 
dered, that to every fourth Year there ſhould be one 
Day added, and ſo make it conſiſt of 366 Days, by 
which Means the Civil and Solar Years were red 
pretty near to an Equality. This additional Day was 
put in the Month of February, and becauſe in the  - 
common Lear, the twenty-fourth Day of February 
was called by the Romans the ſixth of the Kalends of 
March, therefore he ordered that this Day ſhould be 
added after the twenty- fourth Day of February,” and 
called by the ſame Name; there happening every 
fourth Year two Sixths of the Kalends of March,” and 
hence that Year was called Biſſextile, or Leap Tar. 
This Way was uſed by us till the Year 1752, Nr bf 
the New Style commenced.” * _ 
16. But the true Length of the Year bang; 309 
Des, 5 Hours, and 40 Minutes nearly, and by 1155 | 
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Civil Jear exceeds the Selar by 11 Minutes nearly. 


| Conſequently if the Sun any Year enters the Equine#ial 


on the twentieth Day of March at Noon, the next 
Year, he will enter the Eguinoctial the ſame Day, 11 
Minutes before Noon, the next, 22 Minutes. before 
Noon, and ſo on. Conſequently: in 131 Years the 


Solar will anticipate the Civil Year by one whole Day; 


and fo either Equinox will not always on the 


happen 
ſame Day of the Civil Near, but be carried in a Re- 


trograde Order through all the Days of it. This was 
what put Pope Gregory XIII. upon reforming the Ju- 
lian Kalendar; for finding that at the Time of the 
Nicene Council, when the Time of celebrating Eaſter 
was inſtituted, the vernal Zginox happened the twenty- 
firſt Day of March, and by flowing eontinually back- 


_ wards, it happened at bis Time, in the Year 2572, 
on the 11th Day of March, anticipating its former 


Time by 10 whole Days; he ordered that theſe 10 
Days ſhould. be taken out of the Kalendar, and the 
11th Day of March ſhould- be reckoned the twenty- 


firſt; and to prevent the Seaſons of the Year from 
going any more backwards, as they were before, he 


ordered that every hundredth Year of the Chriſtian Ara 
(which according to the Julian Kalendar is Biſſertile) 


ſhould be a common Year, and ſo conſiſt only of 365 


Days; but this being too much, therefore every four 
hundredth Year was to remain Biſſextile or Leap Year. 


But ſince his Time to the Year 1752, one Day more 
has been anticipated, which was the Reaſon that eleven 


Days were ordered to be taken out of the Kalendar 1n 


the Month of September 1752, when the New Style 


commenced in theſe Kingdoms. The Julian Form 


is called Ola Style, and the Gregorian; New Style, 
17. A Kalendar is a regular Diſpoſition of the Days 
in the Cipil Year, into Months and Weeks; each Day 


of every Week being diſtinguiſhed from another by 
one of the firſt ſeven Letters of the W 
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with the Letters, tothe e e neige K. tot 


all that Tear; and fince the Tear began on Monday, 


de Elements of e 


pres E. D. E. F. G. "Bing th 8 of 92 


to it is annexed the Letter A, to the ſecond the 
Lester B, to the third C, and fo on to the feventh, to 
which is annexed the Letter G; and beginnin ng again 
e ninth 

B, to the tenth C, and ſoon through the reſt of the Days 
of the Year, exch of them having one of thefe Letters 
annexed to it. Hence *tis plain that whatever Letter 
is placed againſt any Day of any Week; that Letter 

wi be placed againſt that Day through the whole 
Year: Thus if the firft Day of January, nft 
which ſtands the Letter A, be a Sunday; then all the 
Days in the Kalender having. the Letter A ftandin 
againſt them, will be Sundays. Alfo if the four 
Day of January, againſt which ftands the Letter P, 
be a Sunday, then all the Days in the Kalender, having 
D annexed to them, will be Sundays. That Letter 
which anſwers to the Sundays throughout the Yeat, i is 


called the Dominical or Sunday Letter, for that Tear. 


But fince the Common Year confiſts of 365 Days, 
if that be divided by ſeven, the Quotient Al be 32 
Weeks, and one Day over; and fince if nothing re- 
mained, than whatever Day of the Week the Year 
uk be on, the ſame Day of the Week would be the 
fi of each Weed Year; *cis plain, that 
— Day of the any Tear begins on, the 
ſame Day of the Weck 
Tear; and, conſequetitly, if che firſt Day of January, 
to which is ae the Letter A, be Sunday, the laſt. 
Day of the Year will inday, and the fitſt of rhe, 
next will be Mo: 
will fall on the ſeventh Day, to which is annexed the, 
Letter G, which therefore will be the Dominical Letter 


it will alſo end on Monday, and the firſt Day of the”. 


next Year will be Tueſtay , confequently the fitſt 
Sunday will fall on the fizth Day y, to which is arinexed' 
F, ich therefore will be the Dominical Litter all that 
Lear. 


* 


be the laſt Da of the ade 


, and the firſt Sunday of the Year 
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Year. And the fame way the Dominical Letter the Year 


following will be E, and for the next D; and in this 

retrograde Order the Dominica! Letter is carried ſuc- 

ceſſively throꝰ the ſeven, after which it begins again. 
18. From what has been ſaid tis plain, that if the 


Year conſiſted of 36 365 5 Days exactly, after a Period of 
e Day of each Month would fall 


ſeven Years, the 
on the ſame Day of the Week. But becauſe every 
fourth Year is Biſſextile; conſiſting of 366 Days, 
which is equal to 52 Weeks, and 2 Days; therefore 
if that Year begins on a Sunday, it will end on Monday, 
and the next will begin on Tueſday, and the firſt Sun- 
day of that Year will fall on the ſixth Day of January, 
to which is annexed the Letter F, which will be the 
Dominical Letter for the Year followin; g the Leap Year, 
| Whoſe Dominical Letter was A. And ſince the Biſſex- 

tile or Leap Year returns every fourth Year, *tis plain 
the Series of Dominical Letters will be interrupted, and 
will not return *till after four times ſeven, or twenty- 
eight Years. And hence ariſes the Cycle of twenty- 
eight Years, called the Solar Cycle, which being com- 
pleated, the Days of the Month return in the ſame 
Order to the ſame Day of the Week. 

19. And ſince in every Leap Year, the Intercalary 
Day 1s placed between the twenty-third and twenty- 
fourth Days of February, and ſo makes two twenty- 
fourths of February; which in the Kalendar are eſteem- 


ed as one and the ſame Day, and have the ſame_Let- - 


ter affixed to them, and which by our Way of Rec- 
koning are called the twenty-fourth and twenty-fifth 


Days of February; t 1 5 — Order of the Domini- 


cal Letter will at that Time be interrupted, and the 
ſucceeding Letter will take Place; thus if in a.Leap 
Year the bt of January be Sande), and conſequently 
the Dominica! Letter A; the 24th Day of Teures 


will fall upon a Friday, and the twenty - fifth on a Sa- 


turday; and ſince both theſe. Days are marked in the 


Kalender wh the ſame Letter F ; the following ch 
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; which'is Sunday, will be marked with G, which Let- 
ter will mark out all the Sundays, and conſequent! be 
the Dominical Letter, the remaining Part of the Year. 
And hence it is, that every Leap Tear has two Domi- 
nical Letters, the firſt of wi which ſerves from the Begin- 
ning of the Year to the twenty-fourth or twenty-fifth 
Day of February, and then the other takes Place, and 
ſerves for the reſt of the Year. And hence ariſes the 
Cycle of twenty-eight Years, generally called the Cycle 
of the Sun; and may be found by adding 9 to te 
given Year, and dividing the Sum by 28; for the 
Quotient will ſhew the Number of Cycles, that have | 
elapſed ſince the Beginning of the Chriſtian Era; and 
the Remainder the current Year of the Cycle. 

And hence we have the following general Rule for 

| finding the Dominical Letter, according to the Julian 

| Method of Computation. Add to the Year it's fourth . 

| Part, and 4, and divide that Sum by 7; if nothing 

remains the Dominical Letter is G, but if any Re- 

- mainder, it ſhews the Letter in a "retrograde Order 

- from G; or if it be ſubtracted from 7, you will have 
| the Index of the Letter from A. Reckoning for 1, 

A; for 2, B; for 3, C; &c. 

20. But by the Reformation of the Kalendar under 
Pope Gregory, the order of the Dominical Letters was 
interrupted in the Gregorian Year : for the Year 1582, 
which at the Beginning had G for it's Dominical Letter, 
by retrenching 10 Days after the fourth of O#ober, 
came to have C for it's Dominical Letter; and by 
having but one Dominical Letter for the Year 1700, 
the Dominical Letter of the ancient Julian Kalendar is 
four Places before that of the Gregorian; whence to 
find the Dominical Letter according to the Gregorian 
Year, or New Style, we muſt uſe the following Rule : 

Divide the Year and it's fourth Part by 7, -and 
ſubtract the Remainder from 7, and you will have the 

Index of * Dominical Letter, as before, - 


Example. , 
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Example. Let it be required to find the Dominica! 
Letter for the Year 1765. oo Hs 
I add to the given Year its fourth Part, viz. 441, 
and divide that Sum, namely 2206 by 7, and the Re- 
mainder is 1, which being ſubtracted from 7, leaves 
63 the Index of the Letter F. F 
But becauſe. the Years 1800, 1900, 2100, 2200, 
2 300, Sc. according to the New Style, conſiſt only 
of 365 Days, and conſequently. have but one. Doming- 
cal Letter, which according to the Julian Account 


would have had two, therefore the above Rule will 


not find the Dominica! Letter any longer than the Year 
1799. TR” 8 | n baton 
21. Since the Revolutions of the Sun and Man are 
found conſtantly to be the ſame, the Moon moving 
with about thirteen Times the Velocity of the Sun; 
it follows, that after a certain Number of Revolutions, 
they muſt meet again in the fame Point of the Hea- 
vens they did ſome Time before, which by Mater the 
Athenian, was ſaid to be 19 Years juſt; after the Ex- 
piration of which Time, Go new and full Moons were 
ſuppoſed to happen on the fame Day and Time 
of that Day, and in the fame Month, they did 
19 Years before that. This Ole is from it's Au- 
thor called the Metonic Cycle; alſo *tis called the 
Lunar Cycle. | . 
22. This Cycle began 1 Year before the Commence- 
ment of the Chriſtian ÆZra, and conſequently to find 
what Year of the Cycle any Year in the Chriſtian Ara 
is; we muſt to the given Year add 1, and divide the 
Sum by 19; then the Quotient will ſhow how many 
Cycles have revolved ſince the Commencement of the 
Chriſtian Ara, and the Remainder will ſhew what 
Year of the Cyc/: the preſent Year is; if there be no 
Remainder, then the given Year will be the laſt or 
nineteenth Year of the Cycle. The Year of the Cycle 
anſwering to any given Year, is, for it's great Uſe in 
determining the Times of the zew and full —_ 
| an 
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and thereby knowing what Day of the Month Eaſter 


Day falls upon, called the Golden Number or Prime for 


That Year. 
Example. Required the Golden Number for the 
Year 1763. 

Firft, 1 add 1 to the given Tear, and the Sum is 
1766, this divided by 19, gives 92 for the Quotient, 
and 18 for the Remainder ; which ſhows that there 
has revolved 92 compleat Lunar Cycles fince the firſt 
Year of that Cycle in which the Chriſtian Fra com- 
menced, and that the given Year is the 18th Year of 
the current Cycle, confequently 18 is the Prime or 
Golden Number for the Year 1765. 2 

23. It has been ſhewn, at Art. 13. of this, that 
the Solar Year exceeds the Lunar by 11 Days nearly; 
conſequently if the Moon be new, or in Comunction 
with the Sun, on the laft Day, or thirty-firſt of De- 
1 cember in any Year, on the laft Day of the next Year 


e it will be 11 Days paſt Conjunction, and on the aft 
* Day of the following Lear it will be 22 Days after 
e new Moon; but becauſe in the ſucceeding Your this 
Ve amounts to 33 Days, and 30 Days being allowed for 
* a compleat Moon: *tis plain, in that Year there 
u- will have happened 13 Conjunctions, and the Moon 
he will be 3 Days paſt Change on the laſt Day of it; 


conſequently on the laſt Day of the next Tear the 
Moon will be 14 Days paſt the Conjunction, and ſo 
continually increaſing by eleven Days yearly, till after 
the End of 19 Years it will become the ſame as before. 
The Age 4 the Moon, or Number of Days paſt 
ſince —4 Conjunction, on the laſt Day of any Tear, 
is called the Epa# for the ſucceeding Year. | 
24. Now fince the Epa# for the firſt Year of 
the Lamar Cycle was 11, the Epat# for the Second 
will be 22, for the Third 3, for the, Fourth 14, for 
the Fifth 25, and ſo on conftantly increaſing by 11; 
it follows that to find the Epa#? for any Year, we 
* Var of the Golden Number for that Year by _ 
an 
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and divide the Product by 3o, and the Quotient, if 
there be any will-ſhow how many Embolimeen or In- 
tercalary Months have happened ſince the firſt Year 
of the current Cycle, and the Remainder will be the 
Epatt for the given Year; or will ſhow how many 
Days have clapſed between the laſt Day of the former 
Year, and the immediately preceding Conjunction. 
But the Epact thus found will be that for the Ju- 
Ian Year; and therefore fo find the Gregorian Epact, 
or that of the New Style, we muſt ſubtract from the 
Julian Epact, the Number of Days. it has anticipated 
1 (Art. 16.) and the Remainder will be the Gregorian 
* Epact required. 25 
Erexample. Required the Gregorian Epact for the 
Year 1765. TOY nt n 
Firſt, 7 find the Julian Epact for the Year 176; 
will be 18, from which J ſubtract 11, the Number 
of Days anticipated, and the Remainder 7, is the 
Epa#, or Age of the Moon the laſt Day of De- 
cember 1765, required. Note, After the Year 1800, 
the Julian Account will have anticipated 12 Days, and 
= conſequently 12 muſt be ſubtracted from the Julien 
* | _y 
- 25. Since by Art. 23. the ZEpa# for any Year 
ſhews the Age of the Moon on the laſt Day of 
the preceding Year, tis plain if to the Epa# we 
add 1, the Sum will be the Age of the Moon the 
firſt Day of that Year; but becauſe the Synodica! | 
Month, or Time between any two immediate Con- 


Junctions, is equal to 29 Days and an Half, and 
January containing 31 Days; therefore if to the 7 
Age of the Moon on the firſt of January be add- t 
ed 12 or (to avoid Fractions) 2 Days, the Sum 8 

will be the Age of the Aon on the firſt of Fe- 

* bruary; and becauſe in common Years the Days Je 
in January and February taken together make 59, 1 
Which is exactly equal to two entire Lunations, th 


therefore the Age of the Moon on the firſt of 
. | - s 7 ant ary 
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_ January will be the fame with it's Age on the 
_ firſt of March, and conſequently to it's Age on the 


firſt of January, there is nothing added, in common 


Years, for it's Age on the firſt of March; but in Leap 
Fears the Sum of the Days in January and February 
being 60, which is more than two entire Lunations by 
1 Day, it is evident that in this Caſe, we muſt add 1 
Day to the Avon's Age on the firſt of January, and 
the Sum will be it's Age on the firſt of March. And 
by the ſame Way of Reaſoning it will appear, that 
to find the Age of the Moon on the firſt Day of any 
Month, we muſt add to to it's Age on the firſt of Ja- 
nuary the following Numbers, viz. for February 2, for 
Marth o, in common Years, and 1 in Leap Years, 
for April 2, for May 3, for June 4, for July 5, for 
Auguſt 6, for September 8, for October 8, for Novem- 
ber 10, and for December 10. Theſe additional Num- 
bers are called the Numbers of the Months. © 
26. From what has been ſaid in the two laſt Arti- 
cles, there naturally follows this Rule for finding the 
Age of the Moon on any Day of a given Year, viz. 
To the Epa# for the given Year, add the Day of the 
Month and Number of the Month, and if the Sum 
be leſs than 30 it is the Age of the Moon required; 
but if it exceed 30 then take 30 from it, and the Re- 
mainder is the Moons Age. Roi ry 
Example. Required the Moors Age on the 23d Day 
of May, 1765. _ Lie e 
Firſt, by Art. 24. I find the Epa# for that Year to 
be 7, to which adding 23 the Day of the given Month 


and g the Number of it, the Sum is 33, from which . 


taking 30 there remains 3, the Moon's Age on the 
given Day. ', e TOE 
27. Since the Moon takes 30 Days from one Con- 

junction with the Sun to the next following, tis plain 
ſhe muſt be 15 Days old when Full, and 7 4 when in 
the firſt Quarter; and 223 Days old when in the laſt 
Quarter.” Conſequently to find in any Month of a 
ARE. 39 Fed given 


— 
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given Year the Day of the Moon's Change, and when 
Full, and when in either Quarter, we have this Rule, 

viz. Aſſume any Day of that Month at Pleaſure, and 

by the laſt Art. find the Age of the Moon on that 
Day; then if it be 15 the Moon will be full that Day, 
and counting 7: Days backwards and forwards from 
that Day, you'll have the Times of the firſt and laſt 
Quarters, and by counting backwards and forwards 
from it 15 Days, you'll have the Times of the laſt 
and next Change. But if the Age of the Moon be 
greater than 15, then take 15 from it, and the Re- 
mainder will ſhow how many Days have run ſince laſt 
Full- Moon. So counting thoſe backwards you'll have 
the Day the laſt Full- Moon happened on; and by 
knowing that, we can find the Days of the Change 
and either Quarter as before. Again, if the Age of 
the Moon on the aſſumed Day be leſs than 15, then 
take that from 15, and the Remainder will ſhow how 
many Days are to run *till the next Full-Moon; and 
therefore counting ſo many forwards, you will have 
the Day of the Full- Moon, by which you may find 
the Days of the Change and either Quarter as above. 
Example. Required the Times of Full- Moon, Ne- 
Moon, and firſt and laſt Quarters in October 17698. 
Firſt. I aſſume any Day at Pleaſure, ſuppoſe the 
ſeventh of that Month; then by the laſt Art. I find 
the Moon's Age on that Day to be 22 Days, from 
which taking 15 there remains 7, the Number of Days 
_ * ſince the laſt Full- Moon; therefore counting ſo many 
Days backwards, I find the Full- Moon happens on the 
' firſt Day of October, and counting 7 + Days forwards 
from that, I find that the laſt Quarter happens on the 
_ ninth Day; then from the firſt Day, on which the 
Full. Moon happens, counting 15 Days forwards, I find 
that the Change falls on the 16th Day, and reckoning 
. 7 Days forward from that, I find that the firſt 
Quarter falls on the twenty-fourth Day, - 


28. When 


' 


- 


28. When the Moen is in Conjuniion with the 


Sun, chen they both come to the Meridian at the 


fame Time; but the Moon moving ſtill Eaſterly 


with a Velocity much greater than that of the Sun, 


tis evident that when the Sun comes on the Meri- 


dian *till ſome Time after the Sun; and becauſe ſhe 
compleats her Revolution in 30 Days, therefore in 
that Time, the Difference of Time between the San 
and Moons being on the Meridian will run through 
the whole 24 Hours: And hence by obſerving any 
Day how long Time the Moon takes to be upon 


the Age of the Moon that Day, making the fol- 
lowing Proportion, viz. As 24 Hours, the whole 
Difference of Time, is to 30 Days, the whole 
Number of Days from Change to Cbange, So is the 
obſerved Difference of Time on any Day, to the 
Days run ſince the laſt Change, or the Age of the 
Moon at that Time. 5 
| Example. Suppoſe on any Day the Moon is ob- 
ſerved to be upon the Meridian g Hours after the 
Sun; Required the Age of the Moon at that Time. 
. Make it, as 24 is to 30, ſo is 5 to 6 4; conſequent- 


tion. 


Moon is always 48 Minutes later of n the 


— 
» 
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ian the next Day, the Moon will be on the Eaſt Side. | 
of it, and conſequently cannot be on the Meri- 


the Meridian after the Sun, we may by this find 


* 


ly the Moon is 6 Days old at the Time of Obſerva- 


fore; 
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Time with the Sun on the Day of her Change, 
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therefore to find her Southinp, or Time of her com- 
ing on the Meridian, any Day, we muſt firſt find 
her Age (by Art. 26) for that Day, then this mul- 
tiplied by 48, will give the Minutes of Difference 
of Time between the Sun and Moon's coming on the 
Meridian ; which, divided by 60, will ſhow how 
many Hours and Minutes the Moon is later of coming 
on the Meridian than the Sun; and counting ſo 
many forwards from twelve of the Day, we have 
the Time of the Moon's Southing. If the Hours and 


Minutes found as above be leſs than 12, then that 


will be the Time of the Moon's Southing after Noon; 


but if greater than 12, then take 12 from them, and 


the Remainder will be the Time of the Moon's South- 

ing in the Morning. | 
Example. Required the Time of the Moon's South- 

ing on the 17th of OZober 176g. , 
Firſt, (By Art. 26.) I find the Age of the Moon 


that Day to be 2 Days, which multiplied by 48 gives 


96 Minutes, for the Difference of Time between the 
Sun and Moon's coming to the Meridian that Day; 
and this divided by 60 gives 1 Hour and 36 Minutes; 
which being leſs than 12 Hours, is the Time of the 


' Moon's Southing after Noon. 


Example 2. Required the Time of the Moon's 


' Southing the 7th Day of May 1765. | 
Fint, (By Art. 26.) I find the Moon's Age that Day 


to be 17 Days, which multiplied by 48 gives 81 


. Minutes, the Difference of Time between the Sur an 


Moon's being on the Meridian that Day, and this re- 


duced makes 13 Hours and 36 Minutes; from which 


taking 12, there remains 1 Hour 36 Minutes, 
which ſhews that on the 7th of May 1766, the Moon 
comes on the Meridian at 36 Minutes paſt 1 in the 
Morning. : 
30. It was faid at Art. 20. of this, that the firſt 
Year of the Selar Cycle was Leap-Year ; dannen 
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i fifth muſt be Leap-Year, and the ninth muſt alſo 


be Leap- Tear; but the Chriſtian Era commencing on 
the tenth Year of the Salar Cycle, therefore the firſt 
Year of that was the firſt after Leap-Year, and the 
fourth was Leap-Year,-alſo the eighth, twelfth, fix- 
teenth, &c. were Leap-Years; whence to find whe- 
ther any propoſed Year of the Chriſtian Ara be Leap- 
Year, or how many it is paſt the laſt Leap- Tear; we 
muſt divide the propoſed Year by 4, and if nothing 
remain, then the propoſed Year is Leap-Year ; but if 
any Thing remain, that will ſnow how many Years 
have paſt ſince laſt Leap-Year. But remember, that 
in the New Style, the Years 1800, 1900, 2100, Sr. 
are reckoned as common Years, whereas by the above 
Method of Computation they would be Leap-Years. 

Example. Required whether the Year 1765 be Leap- 
Year, or how many ſince laſt Leap- Tear. 235 

I divide the propoſed Year 1765 by 4, and there 


remains 1, fo I conclude that the Year 1965 is the 
firſt after Leap- Near. | VR 


31. It has been ſhown at Art. 17. of this, that 


to every Day of the Year there is annexed one of the 


firſt ſeven Letters of the Alphabet, beginning with 
A, which is always annexed to the firſt of January, 
and in any common Year, the Letter annexed ro the 
firſt Sunday in January is called the Dominical Letter 

for that Lear; but each Leap-Year having two De- 
minical Letters (by Art. 19.), the firſt of which ſerves 
from the Beginning of the Year to the 282 
fourth or twenty - fifth of February, and the other for 
the reſt of the Year ; conſequently the Dominical Let- - 
ter for any common Year, will ſhew what Day of 
January the firſt Sunday of that Year happens upon, 
reckoning from A (which is annexed to the firſt of 
Jonuary) according to the natural Order of the Let- 
ters, and in any Leap-Year the firſt of it's two Domi- 
nical Letters will ſhew what Day of January the firſt 
Sunday of that Year falls on, counting from A, as 


K 3 above; 
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above; thus in the Year 1965, the Dominical Letter 
is F, ſo counting from A, viz. making A 1, B 2, 
C 3, D 4, E, 5, and F 6, I find that the firſt Sun- 
day of that Year falls on the ſixth Day of January; 
and by knowing what Day of January the firlt Sunday 
of any Year falls on, we may know what Day of the 
Week the firſt Day of that Year falls upon, by count- 
ing ſo many Days back from Sunday; thus, fince in 
the Year 17065, the firſt Sunday falls upon the ſixth 
of January; therefore the firſt. will by Tueſday; con- 
ſequently the Year 1765 begins upon Tueſday. From 
what has been ſaid, there ariſeth the following Rule 
for finding what Day of the Week any Day of a given 
Year. falls upon, viz. Find the Day of the Week 
_ anſwering to the firſt of January that Lear; then add 
together the Days contained in each Month from the 
Beginning of the Year. to the Month in which the 
propoſed Day is, and to this add the Day of the 
given Month: Laſth, Divide this Sum by 7, and if 
nothing remain, then the Day of the Week, pre- 
ceding that Day which anſwers to the firſt of Ja- 
nuary that Year, is the Day anſwering to the propoſed 
Day; but if any Thing remain, then counting fo 
many forward (beginning with that Day the firſt 
of January falls on) we ſhall have the Day of the - 
Week the propoſed Day falls upon. Note, The 
Days contained in each Month, are as follow, viz. 
January 3 1, February 28 in common Years, and 29 
in Leap- Tears, March 31, April 30, May 31, June 
30, Juby 31, Auguſt 31, September 30, October 31, 
November 30, December 31. ae! 
Example. Required what Day of the Week the, 
eighth of Fuly 1765 falls upon. 
Firſt, By the preceding Rule in this Article, J find 
that the firſt off January 1765 falls upon a Tueſday ; 
then to the Numbers, 31, 28, 31, 30, 31, 30, anſwer- 
ing to the elapſed Months, l add 8 the Day of the 
given. Month, and the Sum 189 divided by 7, there 
SY EA 8 remains 
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* 
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temains nothing, ſo I conclude that the eighth of July 
1765 falls upon a Monday. | 

Example 2. Required what Day of the Week the 
twenty-firſt of March 1765 falls upon. 

By proceeding as in the laſt Example, I find after 
Diviſion that 3 remains, and the Year beginning upon 
a Tueſday, therefore counting Tueſday 1, Wedneſday 2, 
and Thurſday 3, I find that the propoſed Day falls 
upon Thurſday. 

32. According to the Decree of the Nicene Council 
(which is followed by the Church of England) the Sun- 
day after the fourteenth Day of that Moon which hap- 
pens upon or after the twenty-firſt of March, i. e. 
after the Commencement of the twenty-firſt of March, 
is Eaſter- Sunday. And ſince the fourteenth Day of 
that Moon, or the Paſchal Full. Moon can never happen 
before the twenty-firſt of March, nor after the eight- 
eenth of April; therefore Eafter-Day can never hap- 
pen ſooner than the twenty-ſecond of March, no: later 
than the twenty-fifth of April. Now to find what Day 
of March or April Eafter-Day falls upon in any Year, 
we have, from the foregoing Articles, the following 
Rule, viz. Firſt, (by Art. 26.) find the Age of the 
Moon on the twenty-firſt of March that Year, and if 
it be 14, then by the laſt Article find the Day of the 
Week anſwering to it, and the Sunday following is 
Eaſter-Day; but if the Moon's Age on the twenty- 
firſt of March be not 14, then reckon forward to the 
Day in which her Age is 14, and by the laſt Article, 
find the Day of the Week anſwering to that Day, and 
reckoning forward to the next Sunday, we ſhall have | 
the Day required. 

Example. Required when Eafter-Day happens in the 

Year 1766. 


Firſt, 1 find (by Art. 26.) that the Age of the 


Moon. on the twenty-firſt of March 1766 is 9; con- 
ſequently eounting 5 forward, I find that the 14 Day 


of the Moon, or the Paſchal Full Moon, yy on 
K 4 be the 


= We 
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the-twenty-fixth Day of March; then (by Art. 31.) 
I find that the twenty ſixth of March 1706, is Wed- 


neſday ; therefore counting forwards to the next Sun- 
day, which is Eafter- Day, I find it happens on the 


r 
. A | 


* . goth of March. Note, in Leap-Years, inſtead of the 


twenty-firſt of March, you muſt uſe the twentieth; 
becauſe in theſe Years February is increaſed by 1 Day. 
33. From the, Cycles of the Sun and Moon (ex- 
plained in Art. 18. and 21.) multiplied into one ano- 
ther, there ariſes another Gycle of 532 Years, called 
the Vidlorian or Dionyfian Cycle, from Diamſius it's 
Author; after the compleating of which, not only 
the Ner- Moons and Full- Moons return to the ſame 
Day of the Month nearly; hut likewiſe the Days of 
every Month return to the ſame Days of the Week; 
and conſequently the Dominical Letters, and all the 
Moveable Feaſts, return in the fame Order: Whence 
this cle is called The Great Paſchal Cycle.” Nou, be- 
cauſe the Chriſtian Ara commenced on the 457th 
Year of the Cycle; therefore to find the Year of the 
Dionyſian Period for any Year of the Chriſtian Ara, 
we have the following Rule, viz. To-the current 
Year. of the Chriſiian Ara, add 457, and divide the 
Sum by 532; then the Quotient will ſhew how many 
Periods have paſt ſince the Beginning of that in which 
the Chriſtian Ara commenced, and the Remainder 
will ſhew the ra of the Dioniſian Period anſwering 
to the given Year. | w Hy 
Example Required the Year of the Diomſian Pe- 
ricd, tor the Year of Chriſt 17666. 1 
Firſt, I add to 1766 the Number 457, and the 
Sum is 22233 then 1 divide this by 532, and the 
Quotient is 4, and Remainder 95; conſequently there 
has paſt 4 Dionyſian Periods ſince the Beginning af 
that in which the Chriſtian Ara commenced, and the 
given Year is the 95th of the Current Cycle. 
34. Beſides the Cycles of the Sun and Moon, there 
js another Cycle conſiſting of 15 Years, ale 
| 4s | yele 


| "7 Je. — 1 See e 
Cycle ef Indiftion, which hath no Connection with the. 
Celeſtial Motions, and which was made uſe of by the 
Romans for ſome Civil Purpoles, and is ſtill uſed by 
the Popes of Rome in their Bulls and Diplomas. The 
Year before the Birth of Chriſt was the third Year of 
this Cycle; and conſequently to find the Year of Indic+ 
tion for any Year in the Chriſtian Ara, we have this 
Rule, viz. to the given Year add 3, and divide the 
Sum by 15, then if there be no Remainder, the given 
Year is the fifteenth of the Indiction; but if there be 
any Remainder, that will ſhew what Year of the In- 
diction the given Year is; and the Quotient will ſhew 
how many compleat Cycles of Indiction has paſt ſince 
the firſt Year of that in which the Chriftian Era com- 
menced. 

Example. Required the Year of Indiction, for the 
Year 1766 of the Chriſtian Ara. 

Firſt, J add 3 to the given Year, and the Sum 1 is 
1769 ; then I divide this Sum by 15, and the Qug« 
tient is 117, and Remainder 14, Conſequently there 
has been 117 compleat Cycles of Indiction from the firſt 
Year of that in which the Chriſtian Ara commenced, 
and the Year 1766, is the 14th Year of Indiction. 

35. From the Multiplication of the three Cycles, 
viz, the Solar of 28 Years, the Lunar of 19, and 
that of Indiction of 15; ariſes a Period of 7980 Years, 
called the Great Julian Period. This is ſuppoſed to 
have begun 764 Y ears before the Creation of the World, 
and is not yet compleated z conſequently it muſt com- 
prehend all the Actions that have happened from 


the Beginning of the World; and fince the Year be- | 


fore Chriſt was the 471 3th Year of this Period, there- 
fore to find what Year of the Julidn Period any cur- 
rent Year is, we mult to the given Year of Chrift add 
4713, and the Sum will be the required Year'of the 
Julian Period. 
Example. Required whac Year of the Fulian Period 
anſwers to the current Vear of Chriſt, 1766. 1 
0 
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Jo the given Year 1766, I add 4713, and the 


Sum 6479, ſhews that the current Year of Cbriſt, 
1766, is the 6479th Year of the Julian Period. 


"a 36. As in the Heavens, there are certain Points 


from which Aftronomers' begin their Computations, ſo 
likewiſe there arè certain Points of Time, from which, 
as Roots, Chronological Computations begin; and all 
memorable Actions are recorded by Hiſtorians accord- 
ing to the Series of Years following theſe Roots, or 
fixed Points of Time, which are called Epochas or 
Aras. The moſt celebrated and beſt known to us, 
is the Chriſtian Ara, which commenced on the firſt 
of January, immediately following the Birth of Chriſt. 
37. The moſt ancient Epocha, is that of the Crea- 
tion of the World ; which commenced 3950 Years 
before Chriſt. The next to this is that of the Deluge, 
which began 2956 Years before Chriſt. Then follows 
the Epoche of the Ohmpiads, which was the moſt an- 
cient and famous Epocha among the Greeks, and other 
Eaſtern Nations; each Olympiad contained 4 Years, 
and they had their Riſe from certain Games that were 
celebrated by the Grecians every fourth Year; in 
Honour of Jupiter Olympius, which were called Olym- 
ick Games. The Beginning of this Epocha is ſup- 
ſed to have been in the 777th Year before Chriſt, 
and in the 3936th Year-of the Julian Period. The 
next Epocha, is that of the Building of Rome, which 


began about the End of the third Year of the Sixth 


Olympiad, 754 Years before Chriſt, and in the 29 59th 
Year of the Julian Period. Then follows the Ara of 
Nabonaſſar, King of Babylon, from the Beginning of 
waoſe Reign it commenced. This Ara is famous 
among Aſtronomers, being made uſe of by Ptolemy, 
Albategnus, &c. as a proper Ara for computing the 
Motions of the Celeſtial Bodies from. It — ac- 
cording to Ptolemy, on the fourth of the Kalends of 
March, 747 Years before Chriſt, in the 3966th Year 
of the Julian Period, and in the ſeventh Year m 
_ the 
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; the Building of Rome, and in the ſecond Year of the 


eighth Olympiad. The next is the Epocha of Alexan- - | 
der the Great, which commenced at his Death; and 


this happened about the middle of the Spring, in the 


firſt Year of the 114th Ompiad, 324 Tears before 


Chriſt, in the 439oth Year of the Julian Period, and in $- 


the 424th Year of the Æra of Nabonaſſar. There are 
ſeveral other Epochas beſides theſe already mentioned 
of leſs Note, which I ſhall paſs over, it not being the 
Deſign here to give a particular Deſcription of all the 
Epochas and their ſeveral Uſes, but only to give a ge- 
neral Account of the moſt remarkable among them. 
38. Since by the Rotation of the Earth about it's 
Axis, the Moon appears to move quite round from 
'Eaft to Weſt in 24 Hours; therefore in that Time ſhe 
muſt paſs over all the Points in the Compaſs, and fo 
muſt move from one Point to the next ſucceeding in 
45 Minutes, Conſequently in moving from the North 
Point to the South, ſhe muſt take 12 Hours, and 
from the North to the NE, or from the South to 
the S W, 45 Minutes; alſo from the North to the 


NN E, or from the South to SSW, 1 Hour 30 


Minutes; and ſo on as in the following Table. 


Points. hb „ m [ Points. 


3 X 


39. The Flux. and Reflue, or ©. Elbing oh Plowing 
of the Seas, do conftantly reſpe&t the Motion of 
the Moon, and in every Place when the Moen is on 
a certain Point of the Compaſs, or at a certain Diſtance 
from the Meridian, it is then High- Water at that 
Place; and fince ſhe is twice at the ſame Diſtance 
from che Meridian, or in two oppoſite Points of the 
Compaſs, in her diurnal Motion; therefore in moſt 
Places there is a double Ebbing and Flowing in a lit- 
tle more than 24 Hours. There has been found by 
Obſervation, for the moſt remarkable Coaſts, the 
Points on which the Moon is when it is High- Water 
in each 0 mem. z as in the ng Table. 


n, Element 


rb. N. ater. 


* Hberwark, ENE and 


a do Ye, ͤ EIRS 95 /s 


Y 


At Aldborough, SE 38, and 
NWZN. 

At Amfterdam and Armenties, 
NE and 8 W. 


At Beacky.and Blacktail, and 
before the Race of Blanguet N 
and 8. 

At Blackneſ; in Bluet, at Belle- 
Ike, NNE, andSSW. 


wick, NEN, and 8 W 38. 

At the River Bourdeaux, the 
South Coaſt of Britagne, the 
Coaſt of Biſcay, and at Bookneſs, 
NE, and 8 W. 

At Breſt, before the Baſs, 
the River of Bourdeaux within 
D NE E, and 8 


In the — 2 Buy. Bal - 

Before Bremen, and at Black- 
0, and in the Channel before 
Bourdeauxys: E and W. ; 
5 Bridgewater, ESE, and 

At Bri ol- Key, E58. and 
WN. oy 


= 


Without Bleut, and at Ber- 


of S 14 


4 7 able of the moſt W Sea- Coaſts, in an Al- 
phabetical Order.; ſhewing in each of them, the Points 
of the Compaſs the Moon edn 


on, when it is 


At Bulls ar. 88, and 


N. 


; . 
4 
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ZBeſore the Haven of Caen, in 
the Chamber, between Cripple- 
/and and the Creyl, and at Ca- 
— 85E, N 8 
At Cal h, and in — Bay of 
Carnarvan, E & N, and WS. 
Without Calais, at 3 
| Chrifti- Point, before and at Cams 
fer, NNE, and 8 8 W. 
1] Between Calais: and. Dover, 
before Con and at the V. 
Cape, N E, and 8 W. 0 
At the Caſets, and at Cham- 
berneſs, SE6S, and NW&N. 


the Caſtets at Guernſey, at Se- 
m— and at Catneſs, SE, . 
1 Ns 
E, and 85 W. ; 
Without the Caftets in 
. S ESE, and Nw 
W 

At Concalo, E and W. 

In Condado, N and 8. 
At Cort, Calais, Cape Char, 
and in the Creek, E N E, and 
WSW. 

At Cowes, ite Bold of Caen, | 
in Calais Road, and in PU 
Ry Road, SSE, and N 


D. 


Between Guernſey and the : 
Caſtets, before Cromer, before _ - 
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5 


en E d W. 
At Diep, Dover, and in the 
Downs, 8 S E, and NNW. 


At Dower Pier, and before 


' Dunkirk, N and 8. | 
At 2 and Downs, in 


the Road, NE & N, and SW 
68. 
At Dublin, 'S E 5 E, and 


- At Dangeneſ and — 
8 E38, and NW Nr ws 
At Danger/an lie 
WSW. 


| W * | 
At Baden, NNE, and 88 
At Emdem, before the Eve, 


before the Eyder, and before; | 
the Coaſt of  Galieia,, N E and 


Enchuſen, N and 8. 
Before the Eafternand Wiftern 
K and Engemonts, 8 E, and 


F. 


In the Fair Ile Reads, and at. 
(he No#rb Foreland, $4 E, and 


N s W. 

At the Frith, and at the 8. 

"Failand. SSE, and NNW. 
Before the Fer, in the Chan- 

nel, NNE, and SSW. | 
At Flamborough and Bradling- 

ton, NE, and SW. 


| | 
On the Coaſt of Flanders, 
N and 8. 


Without 4lie Banks of Flan- 
ders,) NE, and 8 W.. + | 
3%. Pb, NE, rand 8 


and 8 W 38. 
| mouth, EU N, nd WS. 


IN. 


and without the Banks of ar" 


Without 2 NE *. 
At the Forn, in Poabey, at Fal. 


Without the Fly, S EB E, 
and NWS W. 

Before the Coaft of Fyixe- 
land, and the Fly, ESE, and 
WNW. 

Between Fowey and lee, 
in the Channel, and at Faule, 
E38, W565 N. 

At Fixe, and the Fair He, 
N W, and 8 K. 


G. 


In the Road of Gibraltar, at 
Graveling. and before Cher- 
Burgh, N and 8. 

efore Goree, at Guernſey, 
and at Graveſend, NN E, and 
SSW. 
At Groin, at Gaſcolgn, and 


S W. 
Thwart of c in the 


Channel, 8 E AS, and NV 


1. % h 
"Before Hamburgh, at Hull, 
at the Holms, and 9 * Hum- 


' | ber's Mouth, E and W. 8 
At Hampton My, before the 
Hewer, before Horn, N and 8. E 


At Harlem, Hare de Grace, 
and Hamebeau, 8 E, and N W, 

Before Harrhpeol, N E, and 
8 W. 

At S- Haase Jn Harwich, 


leh, SSE, —_—— 


74 


| 


The « Elin? o 
At Humber, E I N, ande 


W 35s. 


Horn, NNE, and SS W. ) 
At Huntcliff Foot, NEZE, 

and 8 W S. 

J 

E 


In all the Havens on the S. 
Coaſts of Ireland, EN, and 
WS. 


land, NE, and SW. 
W N and 8 


. . 


At Kelliers, N E, and 8 W. 

At KRenti/5 Knock, N and S. 

At Kilduyn, E S E, N 
WNW. | 

At Kildrive, S E, ad NW. 

At King ſale, E N E, and 
WSW. 


L. 
At Dambay, 8 EE, and 
NWZ W. 
At Leith, N and S. 


At Lynn, E 58, and W 4 N. 
At Liſden, NE bN, and 


Ss W 35S. 


At the Lixard, by the Land, 
ESE, and WN. W. 

At' "Leoftoff, and thwart of | 
it without the Banks, SE 68, 
and N W þN. | 

In Leftoff Raad, and  Long- 
ſand Head, 8 S E, and NN W. 

At London, N E, and S W. 

At Lond. y, E and W. | 

Thwart of Lanaey, and before 
nis 


Under Hob dent and at. 


On the Weſt Coaſt of tre 
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within the Maes at Malle, 
NE, and $4 W. 


Before the Maes, and before 


S. Matheww's Point, NE s E, 


and S WS W. 


In St Magnus Sound, and at 


|| the Magnes Caf, S E ö E, and 


NWS W. 
At the 1/e Man, 8 . and | 
N W. 7 


Before Margate, 83 E, and 
N&W. 

In Milford, at Mandi, at | 
St Males, E N, and W338. 


| Between Mouſebole and Fal. | 
| mouth, and in Milford Haven, 
ES E, and WNW. 


In "Mouſebole, at St Mas- 
thew's, and within Mounts hey 


E NE, and WS W. 


* A | 
- 
N. 


Between the Naze, and Far- 
head of Lower, 8 3 E, and 


[NNSW. 


Before the River of Nants, 
NE, and SW. 


At the Needles, at the Ie of © 


Wight, S EB E, and NWS W. 
At Newcafth, E & N, and 
WSS. 
At n half Tide, N 


and 8. 


At the Weſt End of the As 
N bE, and 8 W. | 
Beſore S- Nicholas, E & 8, and 
WIEN. 


All the Coaſt of Normin ; 


and Picarqh, S S E, and NN . 
0 O. Ix BY 
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Paul's N, 
Thwart of Plymouth, ESE, 
and WNW. 


in 8 


14 
At Orfordne/s without the 
Banks, and between Orford and 


- Grwell-Waves, SSE, and N 


within the 
Sands, 8 6 E, and NS W. 


NW. 
At Orfordueſi. 


At Orkneſe, NE, and SW. 
At Orkney, S E, and NW. 


P. a 
At St PauPs in the Haven, 


E and W. 


At the Pens, Porthus, and 
Poicta, NE, and 8 W. 
7 hb, and before 8: 
and W 38. 


Beſore Poagſſemect, E 5 8, and 
WIN. 
| At the Race of Portland, SE, 
and NW. 

At Portfmouth, half Tide, N 


4s. 
a 
At Qucenboroug b, N and 8. 


In the Sleve, between L 


and Scilly, at the Shove, at the 


Spire; at Southampton, ' and all | 


along the Swir, N and S. 
Us n the Coaſt of Spain, and 

tland, N E, and 8 W. 

At Scilly, in the Sound, Scar- 


burgh, and at Staples, NE & E, | W 


and 8S WOW. 
At Seven 1/es, without the 


Haven, in the Broad Sound, E 


NE, and WS W. 
At the Mouth of Scvern, be- 
tween Scilly and the Liard, at 


| 


es and Stockton, E 4N,' 1 
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Without Scilly, in the Chan- 
nel, and Sa/comb, E and W. 

At Sedmouth, and at the Start, 
E 3 8, and W N. 

Off the Start in the Channel, 
ESE, WNW. 

Within the Seyn, and beſore 
Shelberg, and at Seven Clifts 
SE, and NW. 

At Shoreham, SE bS, and 
NWS N. 

At Seyn Head, 8 8 E, and N 
NW 


Within Tervere, Nb E, and 
SSW. 


Before Tervere, before. the 


River of Thames, and at Tin- 
mouth, NN E, and SSW. 
Before the Tres, and Tinmeuth, 


before the Bay of Tinmouth, N 
E, andSW. 


'Ar the Clifts of the Texe/, 
ENE, andWSW. 


In Torbay, and before the 


Texel, E and W. 


In the Road of the Texel, E 
8 E, WNW. 

Ar Torgon SESS, and N 
WIN. 


At — , N LE, and 
8 W. 

At the Weilings,. and from the 
Weſt End of the Highs NNE, 
and 88 W. 971 


Baꝛeſore 


ya, +. LE 


* Adr Elements of bete, 
2 NEUN, 


LAN: 
ic Whithy, NE, 7 
n the Sea of Valet, and Se. 
wern, EN E, and WSW: 
In Wales, BN, 2 WS. 


At Welk, A and 


at Waterford, E and W 


At Weymouth Key, E ö 8, and 


WN. 

AC the Neſs, by Wieringhen, 
at Winterton, ESE, and W.N 
W. 


Thwart the Ne of Wight, in 
the Channel, all within the 


Ile of Wight, between the e 
of Wight, and Beachy, by 


At the Eaft Eod of da 
and on en n . 


N 


f 


[+ Before Kiel NNE, and > 


88 W. 
At Youghall, EN E, and W 
8 W. 


At Yarmouth, S E 5 E, and 
NWS W. 

In Yarmouth Road, in Tar- - 
mouth Haven, SSE, and NNW. 


On the Coaſt of Zealand, N 


NE. and S S W. 


In the Zierect Sea, NE, and 1 a 


* n 
n 


the Shore, SE4E, and N W 


6 W. 8 W. Web 


5 b 
1b By knowing? aha! Point of wr 9 the 
Moon is on when it is high Water at any Place, we 
know by Art. 38. the Time ſhe takes to move from 
the Meridian to that Point; and ſince we can find 
by Art. 29. the Time of the Moon's coming on the 
Meridian any 
high Water at any Place, and on any Day, we 
have this Rule, viz. To the Hours and Minutes 
of the Moon's Southing (found by Art. 29.), add the 
Hours and Minutes cede: to the Point of 'Flow- 
ing (found from the Table of Art. 38.), the Sum 
is the Time of full Sea en eee Kun. 
Noon or 1 5 

Example. Required the Tio: of hi gh Water at 
Briſtol X, on the ſeventh of May 1763. 
Firſt, By Art. 29. 1 find the Moon comes on the 
Meridian that Day, 36 Minutes paſt 1 in the Morning, 
then becauſe by the Table in the laſt Article,” the 
Moon muſt be on the E 8, or WAN Point of 
the Compaſs before it be high Water at Briſtol; and 
ſince by the * at Art. 38. ſhe takes 6 Hours 

L. 45 Minutes, 


Day; therefore to find the Iime -_ 


"146. N eee 


45 Minutes in moving from the Meridian to either of 4 


theſe Points; therefore to the 1 Hour 36 Minutes 
before found, I add 6 Hours 45 Minutes, and the 


Sum is 8 Hours 21 Minutes in the Morning, the 


Time of full Sea at Brofol, for the Day propoſed, 
which is alſo the Time at Night, Lemgh it is full Sea 


again, ** 81 
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* Concerning the Log- Line and Compet 


HE Method F made uſe of for 
br meaſuring the Ship's Way at Sea, or how far 
ſhe runs in a given Space of Time, is by the Le- Line, 
and Half- Minute-Glaſs. © 
2. The Lag is a flat Piece of Wood, in Shape 
like a Flounder, having a Piece of Lead. faſtened 
to it's Bottom, which makes it ſtand or ſwim up- 
right in the Water; to this Lag is tied or faſtened. a 
long Line, which is called the Log-Line; and this is 
commonly divided into certain Spaces, each of which 
is, or ought to be, ſuch a att ans Part of a nau- 
' tical Mile (60 of which make a Degree of a great 
Circle on the Earth) 'as half a Minute (the Time 
allowed for the Experiment) is of an Hour. | 

3-. Theſe Spaces are called Kzots,. becauſe at the 
Emi of each of them, there is a Piece of Twine with 
Knots in it, inreeved between the Strands of the 
Line, which ſnews how many of theſe Spaces or 
| Knots, are run out during the half Minute. They 
commonly commence to begin or be counted, at the 
| Diftance of about 10 Fathom, or 60 Feet from the 
Tag; that ſo the Log, when it is hove over Board, 
| _ i out of the Eddy of the Ship's Wake —_ 
they 


A 
| 

: 
1 
1 
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they begin to count, and for the more ready Diſcover 
of this Point of Commencement, there i = commonly 


8 at it a Piece of red Rag. . | 
he, Log being thus — bork Ger eg 
Boar. am. the Pogpy and the Line veeredour” 5 

the 2 Reel, tha turns eaſily, and about whi 


it 18: pf as; faſt as the Lig willi carry it away, Ur 

ö 0 * Ship failg' from ic vill ffew, mee 8 
of veering: how fan the Ship His en 

4 1 5 ime; and, conſequently Het Rate of fail. 


in \ nt; Un A ct X W 91:1 no 5 3 341. 
K A ee of & Meriian;: Which is Al great 
Git 1 855 the.” Farthy [{ccodding'; tooithetexactet 
Me Dans. ;ab6uts; 16g pg: Enplijh Niles; . 
Lal Pj by; the (tame 1beihgs 32 980 Pekr, E 
Wet Arridium wilt be. aheut 
26770 128 enge chens of thaty) w, l Ni- 
nue; x e muſticohtaim 6 100 ſtündard 
Feetz contequently figemch> Minute! the de Pirt 


and each R e N 
795 1 955 Mile (by Arta r that each 
4 will congaa 3 he +35 Part of 6120 Feet, vix. 57 
15 8. \ 59. 8 128 491 81 4113 agnt ; £29 4 of 
it i em dons ene ant dur derer 
oy of] © 90 


p runs a ul 4 Minute, the _ Num 
ee — in, ane Hour eg won, 
her TOR che fame; Degree of Velvei ring 


khersfogse it general Way to 
h it 115 LY: every Hour, to know her Rate * 


Soul if the Forgeor Dizedtion of the Wind 
ny bub: base the” ſame during the whole 
1 if the Thr, nag bern more. Sall fer, or any Sail | 


that fo the Ship has run ſwifter or flower in b- 
any Part of, th ehe 1 ſhe did at the Time of 


0 J _ 


having 5 0 then. - there: wuſt be an Allowance ' 
made Nor or it, and this muſt be n Bf 
to 0 Dice the Artiſt. 8 3 


— 7. some- 


- ea” l 
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7., Sometimes when the Ship is before the Wind; 


rr there is a great Sea ſetting aſter her, it will 


bring home the Log, and conſequentiy the Ship 
will Gail faſter than is given by the Leg. In this 
Caſe. it is uſual, if there be a very great Sea, to 
allow one Mile in ten, and leſs in Proportion, if 


the Sea be not ſo great. But for the 2 


the Ship's Way is really greater than that given 
by the Log; and therefore in order to have the 
Reckoning rather before than behind the Ship, 


(which is the ſafeſt Way) it will be proper to make 


the Space on the Log-Line between -Anot and Knot, 
to conſiſt. of 50 Feet inſtead of 31. Some, _ 
the Suppoſition that 60 Miles make a L on 

the Meridian, make the Diſtance between Knot 
and Knot 42 Feet; when at the ſame: time, by 


common Experience they are obliged to leſſen the 


Half: Minute- Glaſa by near 6 Seconds, making it to 


run only 24 Seconds nearly; which Plainly iS cor. 


recting one Miſtake by another.. Fl 
8. If the Space between Knot and Kur on che 
Log. Hue, ſhould happen to be too great in Pro- 
portion to the Half- Minute-Glaſs, viz. greater than 
30 Feet; then the Diſtance given by the Lug, will 
be too ſhort, and if that Space be too ſmall, then 
the. Diſtance, run (given by the Lag) will be too 
great; therefore to find the true Diſtance run in 
either] Caſe, having meaſured. the Diſtance: between 
Kues and Nut we Raves; 086 Co eo as 757 
vi. 75 242 i. 118 
As the true Diſtance - 50 Feetznd is to che ene 
Diftance,, ſo are the Miles of Diſtance given by the 
Lag, 10 che true Diltance.1 in; Miles thatithe _ Bas 
Tun. — 0H 0 1 Jas 
». Example, 1. 98 4 a Ship runs at the Rate of 64 
Knocs,i in half a Minute, but meaſuring the Space be- 
tween Knot and Kuot, I find is to be g6 Feet; Re- 
quired the true Diſtance in Miles. 


STO. 7 1 Making 


* 


rr 1 
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, Mating dt as 50 Feet, is to 56 Feet, ſo is 628 
Kiiots to 77 Knots, I find that the true Rate of e 
7 Miles in the Hour. o G6 Ai 3 
Example 2. Suppoſe a Ship tuns at the Rate of 64 
| Baue in half a Minute, but meaſuring the Space 
between Knot and Kot, I find it to be only 44 =: | 
Required the true Rate of failing,-: + : 

Making it as 50 Fret, is to 44 Feet, fo is 6. 5 Knots, 
to 5-72 Knots; I find that theitrue: Rate of ſailing i is 
9.7 2 Miles in the Hour. 

9. Again, ſuppoſing the Diſtance between Knot angl 
| Knot on the Log-Line to be exactly 50 Feet, but that 
the Glaſs is not 30 Seconds; then if the Glaſs require 
longer Time to run than 30 Seconds, the Diſtance 
gun will be too great, if eſtimated by allowing 1 
ile for every Knot run, in the Time the Glaſs runs; 
and, on the contrary, if the Glaſs requires leſs Time 
to run than 30 Seconds, it will give the Diſtance * 
failed too ſmall. Conſequently to find the true 
Diſtance in either Caſe, we muſt meaſure the Time 
the Glaſs" requires to run out (by the Method in the 
following Article) and then we Thall have nene 
ing Proportion, viz. 

As the Number of Smd thi Glaſs runs,-is to 
half a Minute, or 30 Seconds, ſo is che Diſtance 
given by the Log, to the true DiſtancGGQ. 

Example 1. Suppoſe a Ship runs at the Rate 4 
Knots in the Time the Glaſs runs, but meaſuring the 
Glaſs, I find it runs 34 Seconds: ue E true 
Diſtance ſailed. 
Making it 48 34 — is 96s ee fois 
7 5, to 6.53 1 ding: that yen he fatls-at HERE 

: | Example 2. | a his: at the ate 
6 Knots, — = 0 Glaſs, I find it runs 
only 25 W wh IIS * _ 


ing * 


- 
Ces EJS > oa ER rns 
+ » Py * ; c * 
. Piakin 
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150 Of the Log-Line and Compaſs. 
Making it as 25 Seconds, is to 30 Seconds, ſo is 6.5 
Knots, to 7.8 Knots; I find that the true Rate of tl 
ing is 7. 8 Miles an Hour. 
10. In order to know how many Seconds the 
Glaſs runs, you may try it by a Watch or Clock, 


. that vibrates Seconds; but if neither of theſe be 


at Hand, then take a Line, and to the one End 
faſtening a Plumbet, hang the other upon a Nail 


or Peg, ſo as the Diſtance from the Peg to the 


Center of the Plumbet be 39 Inches: Then this 

ut into Motion will vibrate. Seconds, i. e. every 
Time i it paſſes the Perpendicular you are to count 
one Second; conſequently by obſerving the Num- 
ber of Vibrations that it makes during the Time the 


Glaſs is running, we know how many Seconds the 
Glaſs runs. 


11. If there be an Error both in the Log- Line and 
Half Minute-Glaſs, viz. if the Diſtance between Knot 
and Knot on the Log-Line, be either greater or leſs 
than 50 Feet, and the Glaſs runs either more or leſs 
than 3o Seconds, then the finding of the Ship's true 
Diſtance will be ſomewhat more complicate, | and 
admit of three Caſes, viz. 

Caſe 1. If the Glaſs runs more than 30 Secomds, 
and the Diſtance between Knot and Knot be lefs 


than 30 Feet, then the Diſtance given by the Zog- 
Line, viz. by allowing 1 Mile for each Knot the 


Ship ſails while the G/aſs is running, will always be 


. greater than the true Diſtance; fince either of 


theſe Errors give the Diſtance too Conſe- 
quently to find the true rate of failing, in this Caſe, 
we muſt firſt find (by Art. 8.) the Diftance, on the 
Suppoſition that the Log Line is only wrong, and 
then with this (by Art. 9) we: hall ind the: true 
Diſtance. 

Exa: .- Suppoſe; 2 Ship is fount to run at the 
Rate of 6 Knots; but examining the Glaſs, I pd | 


ir runs 35 Seconds, and meaning the Log-Line, 1 | 


4 


pl | ; find 


" 7 
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find the Diſtance between Knot and Knot to be but a 

46 Feet: Required the true Diſtance rn. | 
Firſt, By Art. 8. we have the following Proportion, 


| viz. As go Feet: 46 Feet :: 6 Knots : 5.52 Knots. 


Then by Art. 9. As 35 Seconds : 30 Seconds: : 5.52 


Hats: 4.73 Knots. Conſequently the true rate of 


ſailing is 4.73 Miles an Hour. 

Co 2. ie the Glaſs be leſs than 30 Seconds, and 
the Space between Knot and Knot. be more than 50 
Feet; then the Diſtance given by the Log, will al- 
ways be leſs than the true Diſtance, ſince either of 
theſs Errors leſſen the true Diſtance. 

Example. Suppoſe a Ship is found to run at the 
Rate of 7 Knots, but examining the Gl2ſs, I find it 
runs only 25 Seconds, and meaſuring the Space be- 
tween Knot and Knot on the Log-Line, I find it is 
54 Feet: Required the true rate of failing. 

Firſt, By Art. 9. As 25 Seconds: 30 Seconds : 


7 Knots : 8. 4 Knots, Then by Art. 8. As 50 Peer: 


54 Fret :: 8.4 Knots : 9,072 Knots. Conſequently 
che true rate of failing is 9.072 Miles an Hour. 

Caſe 3. If the Glaſs runs more than 30 Seconds, 
and the Space between Knot and Knot be greater 
than 50 Feet, or if the Glaſs runs leſs than 30 Se- 
conds, and the Space between Knot and Knot. be 


leſs than 5o Feet; then ſince in either of theſe two 


Caſes the Effects of the Errors are contrary, tis 
plain the Diſtance will ſometimes be too great, and 
ſometimes too little, according as the greater Quan- 


tity of the Error lies; as will be evident from the 
| following Examp les. 


1 ram) 1. Sup ſe a Ship is found to run at 
of ' 9 3 Not, per Glaſs, but examining the 


Gap, 1 ond to run 1175 Seconds, and by mea- 


he Space between Knot and Knot, it is 


GUM 5 de 56 Feet; Nau the true rate of 
ſailing, 12,45. : 


„„ Ar Fep, 
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Firſt,” By Art. 8. As 50 Feet: 58 Feet : 9.5 
Knots : 11.02 Knots. Then by Art. 9. As 38 Se- 
conds : 30 Seconds :: 11 02 Knots : 8.7 Rnots. Con- 
ſequently the Ship's true rate of ailing is 8 7 * 
an Hour. 

Example 2. Suppoſe a Ship runs. at the Rau of | 
6 Knots per Glaſs, but examining the Glaſs, it is 
found to run only 20 Seconds, and by meaſuring the 
Log-Line, the Diſtance between Knot and Knot is 
| 3 to be but 38 Feet: Required the true Rate of 

Alm | 

Firſt, By Art. 8. As 50 Feet : 28 Feet + 6 
Knots : 4.56 Knots, Then by Art. 9. As 20 Se- 
Conds : 30 Seconds : : 4.56 Knots : 6.84 Knots: - Con- 
ſequently the true rate of ailing is 6.84 Miles 
an Hour. 

But if in this Caſe it happens, that the Time to 
Glaſs takes to run, be to the Diſtance between Knot 
and Knot, as 3o, the Seconds in half a Minute, 1s 
to 50, the true Diſtance between Knot and Knot; 
then 'tis plain, that whatever Number of Seconds 
the Glaſs conſiſts of, and whatever Number of Feet 
is contained between Knot and Knot ; yet the Diſtance 
— by the Log-Line, will be the true Dillanee in 

iles. 

12. Though the Method of meaſuring the Ship's 
Way by the Log-Line, deſcribed in the foregoing 
Articles, be that which is now commonly made 
uſe of; yet it is ſubje& to ſeveral Errars, and 
theſe pretty confiddertble. For firſt, the Half- Minute 
or Ruarter- Minute-Glaſſes (by which, and the Log. 
the Ship's Way is determined) are ſeldom or never 
true, becauſe dry and wet Weather have a great 
Influence on them; ſo that at one Time they may 
run more, and at another Time fewer than 30 
Seconds, and 'tis evident that a ſmall Error in the 
Glaſs, will cauſe a ſenſible one in the Ship's Way. 
t the chief * of the Log is to have 
| it 


en. 


* 
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it ſwim upright, or perpendieular to the Horizon ; 
but this is too often wanting in Logs, becauſe few 
Seamen examine whether it is nfs or not,” and general- 
ly take it upon Truſt, being ſatisfied, if it weigh a 
little more at the Stern than the Head; and from 
this there flows an Error in the Reckoning, for if 
the Log does not ſwim upright; it will net hold 
Water, nor remain ſteady in the Place where it 
is heaved, ſince the leaſt Check of the Hand in 
veering the Line will male it cone vp ſeveral 
Feet ; this repeated will make the Errors become 
Fathoms, and perhaps Knots, which how iuſignificant 
ſoever they appear, are Miles and Parts of Miles, 
and amount to a good Deal in à long Voyage. 
Another Inconvenience attending the Ex. Li is 
it's ſtretching and ſhrinking; for when a new Line 
is firſt uſed, let it be ever ſo well ſtretched upon 
the Deck, and meaſured as true as poſſible, yet after 
wetting it ſhrinks conſiderably; and conſequently to 
be the better aſſured of «the'Ship's Way by the Log- 
Line, we ought to meaſure and alter the Knots on it 
every Time before we uſe it; but this i is ſeldom done 
oftener than once a Week, and ſometimes not above 
once or twice in a whole Voyage; alſo when the 
Line is meaſured to its greateſt Degree of ſhrinking, 
it is generally left there; und when by much Uſe it 
comes to ſtreteh again, ix is ſeldom or hever mended, 
though it will ſtreteh beyond what it firſt ſnrunle. 
Theſe and many other Etrors, too well known, at- 
tending chat Method of meaſuring 'the-Ship's Way 
by the Log-Line, plain ly anſwers” for a great many 
Errors committed in Reckonings. So it is to be 
viſned, that either łhis Method was improved or a- 
mended, or that ſome other Method, lefs ſuyect to 
Error, was found out. | Therowas Machine ſome 
ime ago invented by Mr Henry de Suumarer; of the K- 
hand of ue, for meaſuring the Ship's Way; ow 


2 1 
Error than the. Lag- Lins, and was found by Eren 
than che Leg- Liu 


of March ae 17264 and * ag: and Apri! 
11165 It; was ſaid at . 2 1. G64 TE. that the Me- 


rizon in 4. Points, at 


the North Line ; that which-tends to the Sour Point 
Fart of the Prime Verticul which extends towards the 
to ng we North, is called the Eaſt Lins; and laſtly, that 


having it a Name rom 


a 


. a 


Of vibe Lx Lane ard Compays. 
the Marine Surveyor. which js indeed; leſs ſubje& to 


2 


1 


Experiments in anſwer the Ead much more ekactiy 
£314 Deſeriptivy of lich may be 
ſeen in the, Philoſophical Tramachiuas of the Royal 


Society, Vol. xxx. for the Months of November and 


December 19251 and alſo in thoſe for the Months 


1729. | 


ridian and Prime Vertical of any Plate cuts the Ho- 

at 90 Degrees Diſtance from 
one another, v. the Nortb, South, Raſt, and Weſt ; 
that Part of the Meridian which extends itſelf from 
the Place to the North Point of the Horizon, is called 


of the Horizon, is called the South Line; and that 
right Hand of the Obſerver, when his Face is turned 


| 
Part of the Prime Vertical. which tende towards the i 
left Hand, is called the V Hine; the four Points ; 
in which theſe Lines meet the2Horizon; are kalled the * 
Cardinal Poiuis. lower 6 11 2 4 
14. In order t determine the Cour fe Winds 5 
and. to diſcover their various A lterutiotis of *Shitt- 5 
ings 3 each Quadrant of : the! Harion intertepted de. | 
tween the Meridian and Prim Vidal is uſually 80 
divided into eight equal Parts,>and bonfeqwenth the pi 
whole Henizon into 6 kunden Les Uravn Pc 
from the Place on he Obſerver" ſtandeth, to WF the 


the Points of Diviſion in he on are called 
Rumb Lines, the fout ptiicipal of Whickr ure thoſe 
deſcribed in the-prededing Article, eath of them 


ardlinal Polit in the H. 


7i20n towards which it — galt of che Nn, 
en e eee os yy 
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160/66 n SEW them, as in the following Fi- 
gure; and over” whieh-ſoeyer ef theſe —— 
Courſe of the Wind is directed, that Wind takes it's 
Name accordin 
15. The "Infrumen commonly uſed at Sea for 
directing the 'Shiff's Way, is called the Mariners 
Comaſs; which conſiſts Ws a Card and "two Nees. 
The Card is a Circle made to repreſent the Horizon, 
whoſe 'Circutnference is quartered” and divided in- 
to and alſo into thirty-two equal Parts, 
by Lines drawn from the Centre to the ſeveral 
Pointe of Diviſion, called Points of the Compaſs,” On 
the back Side of the Card, and juſt 8809 the South 
and North Line, is fixed a Steel Needle, with a Braſs 
Cupola, / or hollow Center in the middle, which is 
placed upon the End of a fine Pin, upon which the 
Card may eaſily turn about; the Needle is touched 
with a Load. Stane, by which a certain Virtue is infuſ- 
ed into it; that makes it (and conſequently the South 
and Ne Line on the Card above it) hang nearly 
in the Plain of the Meridian, by which means the 
South and North Lines on the Card produced, would 
meet the Morizon in the South and North Points; 
and conſsqnently all the other Lines on the Card 
Naas Would meet the Horizon in the reſpeRtive 
Olnts. NMI. QI IANS © 
16. The Card — repreſeced in the annexed 
Scheme, in which you may obſerve, that the ca- 
pital Letters N, 8, „W. denote the four Cardinal 
Points, viz N . North. S the South, Sc. and 
the ſmall Letter & ſignifies the Word % : the Rumbs 
in the middle between any. two of the Cardinals, 
are expreſſed by the Letters denoting theſe Car- 
| — that which e the Point lying in the 
Meridian hgvi Precedence: thus the: | 
in the . . 


een the North and Eaſt is ex: 


r N NE" which s to be read . Nerth . 


— 


F . 
— : £6 


, : P 4 
| — ; | 
"Mo. 8 W: denotes the SeutbHef:Rumb,'&c..: the 
ao. SW dern ern f 
"other. Rumbs arg expreſſed! according to t 
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75 The C n ph into a round Boxy” made for 
15 having a Pin & in the middle, upon wich 
the hollow Center of the Needle is fixed, ſo that the 
Card may lie horizontal, and eaſily vibrate accord- 


ing to the Motion of t the Box is covered 
la 
N 


over with a ſmooth is hung in. a braſs 
Hoop upon two cyſinę 
ite to one another, 
another braſs Circle 
with the former. we 
are placed in an ſquare\weodeg Box, To that 
the innermoſt . | 
Dau, 


mother; 
. —— the 
Eaſt or Weſt, her, we there- 
by change our Meridian, e Place the 
Eaſt and Weſt Line being perpendicular to the 
Meridian; it follows, that the Zaft and Weſt Lint © 
in the_firſt Place, wil fot coincide withithe E 
and Me Line in the fetond, but be inclined to i, 
at a: certa Angle: and conſequentiy all the other 
1 each Place, will be ĩinchned to each 
other, they always forming the fame Angles with \ 
the Menkdianc Mlence - i falowy: that all Rumbs, 


18. Sincg the WH 
form certzin Ang es h t 


except the>font. Cardinals, muſt be-Curbes or Helis * 


5 ſpbericul Lines, always tending towards the Pole, 
: and. apptgachipg. it by infinite Gyrations or Turn- 
-— ings, but never falling into it. Thus let P be the 
. Pole, EQ an Arch of the Equator, PE, P A, 


then becauſe the Angles PFF, PEG, Sc. are by 
the Nature of the Rumb Line equal, it is evident that 
it will form a curve Line on the Surface of the 
1 always e the Pole P, but never 


Sc. Meridians, and EFGHKL any Rumb; © 


falling- 35 
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25. Of be LL nd Compaſs. , 
b ltd ies for if it were poſfible for it to Fall 


e era it would Jolle « that the ſame 
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Liss cal bur an inland Weutfbef ofs bt ber heal a 
equal Angles, in the ame Pale whi Rs ; 
© 299-Becduſe there re 52 for Dory ofrits'4n. the 
) -oqually diſtant frotti ond Another, therefore 
the An Tontained betncem am) ted f thi adja- 
cent) will be 1 7, 1% Piz. 7 Part of 3808 and 
ſo the Angle bontalned between the Aera, and 
N E, will be 110 1 and between this Nane 
and the NNE, will be zz, 30', 2 and fo . 0 
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of Plain Sailing. 


H IS Method of Sailing, pe the 
Earth to be a Plain, and the Meridian 
parallel to one another; and likewiſe the Parallels 
of Latitude at £qual. Diſtance. from one another, 
as they really a re upon the Globe. Though this 
Method be in nſelf- evidently falſe; yet in a ſhort 
Run, and eſpecially near the Equator, an Account 
of the IT Way, may be kept by it tolerably 


well. 
gle formed by the Meridian and Rumb, 


2. The A 
that a Ship ſails upon, is called the Ship's Cour|: 
Thus if à Ship fails on the NNE Rumb, then her 
Courſe will | he 229, 20% and ſo of others, = 
3. The Diſtance between two Places lying on the 
fame Parallel counted in Miles of the Equator, or the 
Diſtance of one Place from the Meridian of another, 
counted as above, on the Parallel paſſing over that 
Place, is called Meridianal Diſtance ; which in Plan 
Sailing, goes under the Name of Departure. | 
4. Let A denote a certain Point on the Earth 
Surface, AC it's. Meridian, and AD the Parallel 
of Latitude paſſing through it; and ſuppoſe a Ship to 
fail from A on the NN E Rumb till ſhe arrive 
at B; and through B draw the Meridian B I) (which 
according to the Principles of Plain Sailing, mult 
be parallel to C A) and the the Parallel of Latitude 
BC; then the Length of A B, viz. how far the 
Ship has failed upon the NN E Rumb, is called 
her Diſtance; AC or B D will be her Difference 9 
Latitude, or Northing,. C B will be her Departure, 
or ing, and the Aogle CA B will be the Hen 4 
; ER ence 


urth's 
rallel 
np to 
rrive 
which 
muſt 
itude 
r the 
called 
ce of 
ture, 
zourſe 


Hence 


g eee HT Of Plain” Sailing. * 1 5 161 | 
Hence iti plain, that the Beere failed, will always | 
be greater than either the Difference of Latitude, or 


Departure, it being the Hypothenuſe of a right · angled 


Triangle, whereof the other two are the Legs; except 
the Ship fails either on a Meridian, or a Parallel of 


„ ee 
We 3 
N 

a : 
— 5 
: i 


Latitude; for if the Ship fails on a Meridian, then it 
is plain, that her Diſtance will be juſt equal to her 
Difference of Latitude, and ſhe will have no Departure; 
but if ſhe ſail on a Parallel, then her Diſtance will be 
the. ſame with her ture, and ſhe will have no 
Difference of Latitude. It is evident alſo from the 

Scheme, that if the Courſe be leſs than 4 Points, or 
45 Degrees, it's Complement, viz. the other Oblique 
Angle, will be greater than 45 Degrees, and ſo the 
Difference of Latitude will be greater than the Depar- 
ture; but if the Courſe be greater than 4 Points, then 


the Difference of Latitude will be leſs than the Depar- 


ture; and, laſtly, if the Courſe be juſt 4 Points, the 
Difference of Latitude will be equal to the Departure. 
5. Since the Diſtance, Difference of Latitude, 
and Departure, form a right-angled Triangle, in © 
3 | Wich 


* 


| | bs 


lj 
\| 
| 
| 

= 


„%%% "of Slots 
which, the 


| tude and n 


come to. 


it we have the following Analogy for finding the De- 


As Radius —— * CO. 10.00009 


RES = 1 : 
and hence © te ak = Pi 4 


— 


Cc A J E | bs 
_ Courſe and Diftanct gives, to find a 4 Lati- 


Example. © 


Su ſe a Shi dil, from the Latitude of 50% 
orth, NN E 32 Miles. Required the Diffe- 
—.— of Latitude Ly wh Tg and the Latitude 


The Geometrical S of this Caſe, is 
the ſame as in Caſe 3. of Right- Angled Trigonometry, 


the ſame Things being given in ets; ys from 


parture, viz. 


is to the Diſtance A C 32 — — 2 2 
6 


* 
a. 
po 


Aan abs Gourſ "SO 30 — . ; 
to he Depart 0 GEES — need 


so the Sup has. walt 1225; Miles:af Raſt⸗ 
erly, or has got fo far to tha Eaſtward. of: har Mkrid. 
an. Then for the Difference of Latitude, or North- 
ing, tha Ship has madez, we: have. By Cg. "of Ref 
angu/ar Trigonometry,, the-following) Analogy; vis, 


As Radius _ — . > 10.008000 
is to the-Diſtance- AG j-, = g2/ » - 150965 _ 
ſo is the Co- ſine of Courſe A. 220, 30% - 9.96562 _ 
ta che DifBirencs @ Ran AB - 29.57 — 14% 


ſo the Ship has differed her 1 or made of 
* ng 29.57 Minutes 

nceiher-former Latitude was North, and het 
pane of Latitude alſo North. Therefore, 


To the Latitude failed from 30% 257 N. 
add the Difference of Latitude - 00 „29. 2 


— 
— 


and the Sum is the Lat come to 30 „ 84.57 N. 


By this Caſe is calculated the Table of Difference 
af Latitude and Departure, to every Degree, Point, 
and quarter Point of the Compaſs; for the Diſtance 
from 1 to 190 Miles, at the End of this Section; the 
Uſe of which ſhall be there explained. 


CASE 


Courſe, and Difference of Latitude Hou 1 wahr . 
tance and Neparture. 


er 


Sy e in the * of 465 2 
NEUN 2 . ill. che- 3 
— 


1 * 5 * 
- 
: 
, 
. 164 
. 


d. 4 \ 2 . by +; 5 N 7 
e 12 | x ark. tad 
37 N _ 


| Of Plai Sallng,/ 
the Latitude of 469, 55' North. Required the Di: 
tance and Departure made good upon that Cour. 


Singe both Latirudes are Northerly, and the Courſe 
. Therefore, 62067 


"v From. the Dede come to vn - 46 0 
bubwakk the Latitude failed rom - 2 2s 


W 


and there remains - 0, 30 
the Difference of Latitude, equal to 90 Miles. 


- The IO Be Conſtruction of this Caſe, is the 
ſame with that of AG I. 7. n T Tigonemetry 


29 ( 
| ET % © IS 5 
2 „ 6 41 2 de 
" | 
LN oh C 
* 958 N 
5 SNN 
2 RS I 022008 
| 85 . 6 M4 ſa 
and by it we have the following Analogy, for finding 
the Departure BD, via. 
Ader 25:s 2)... - + >  10.00000 | 
is to the Diff, of Latitude AB - 90 - 1.954% ©Þ 


ſo is the Tangent of Courſe A - 39®, 22' 9.91404 
to the Departure BD - 73.84 3690 
ſo the Ship has got 73. 3% dan; to the Eaſtward e 
ber former- Meridian. : 
Aga 


equal to 70 Miles, is the Difference of Latitude." 500 


Js 


bbs. | 
3802 27 * 13 


bor the Diſtance AD; Wwe have 8 
of — Trigonometry, the — Proportion, 


VIZ. T 


| Of Pl Si 


As Radius þ - | - = 10.00000 
is to the Secant of the-Courſe 399, 227 10.11176 
ſo is the Difference of Latitude AB 90 1.95424 
to the Diſtance A P NA = . - 2.06600 


yy 

k * 

X «4 
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* 
CASE 2 8 


Difference of Latitude and Diſc given, to find 
CO” and 3 4 


1 „ 
8 % „% emo 5 
"4 
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 * as 
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to Mga 983 ee gen: N = 

Suppoſe a Ship fails from the Latitude of 56, 500 
North, on a Rhomb between South and Weſt, 126 
Miles,” and ſhe is then found by Obſervation ta be 
in the Latitude of 559, 40! North. Required the 
Courſe ſhe. failed on, and hen „ee fen on 
Meridian. 0 5 16 


_ = Wy 
Since the 1 are both North, and the Ship 
failing towards the Equator. Therefore, r 


From the Latitude failed from 369, 500 
ſubtract the obſerved Dans 551 2 
and the Remainder — 12 ene 


p Oy 


Ms This 


FR : Nn 
Thhis Caſe is conſtructed the ſame Way as Caſe 3. 
_ -of Nerumgue, Sede, und Iby lit We have the 

Holl. 10 Sims OHUDT 27 Arens 5 ln 51 WA 


following Proportion Yor Bing the Angle of the 
Cou 8 YE Fo Ihe 


3 s 93 1077 lat gie & og qu 
As che Diſtanee filed DF 126 2.1003 
sto Radius 1000000 
ſo is che Diff. ef Latitude FE 70 - 1.84510 
tothe Co- ſine of the Cœurſe F 5369, 15! 9.7473 
which, becauſe ſhe fails between South and Weſt, 
will be South 56®, 15 Weſt, or SWS W. Then 
For the Departure, we have by Caſe 3. of Refangular 
Trigonometry,. che foHowing Proportion, 'viz. 
A Radios 10.0000 
s to the Diſtance Tailted DF - 126 24.7003) 
is the Sine of the Courſe F - 56®, 15” 9.91985 
ito the Departure DE - < 104.8 - 2.02022 
the Bas made 104.8 Mites of Departure 
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che we] Laid een pom . 
Y Co pre” 1 . ö 
5 "0 ; | Mun 1 1729081 S895 03 
8 {30S * Example... nyt Aa low 
Buy ofs a Ship ud from the Latichde:of e, 800 
North, between "South and Eaſt, *till ſhe has made 


64 Miles bf Eaſting, and is then cund dy Obſervation 
to be in the Latitude of 422, 56 North. 
the Courſe and Diſtance made good. | 


Since the Latitudes are both North, and the Ship 
failing towards the Equator. — T 03 03.2; -* 
From the Latitude failed from 9 
take the Latitude come to . E 5 097 
& D 5 ine fk tes vr 
and there remains „ en þ $40 
equal to ne the en of Latitude or 
Southing. | 


41245 
This Caſe | is e che ſame Way as Caſe 4. 
„ Trigonomitry, and oy it PR 


- 
ry a 1 
, . 


ks 3 CE 


2 ? * 777" * A * 


| followiog Proportion to find the Courſe” K GL, vis; 
\ SE "oO Ay 


4 ts = 


468 8 2 n e 
As the Diff of Latirude GK. 8G. 2.05690 
is to Radius — — N 
ſo is the Departure K I. —— 64 — * 18 


to the Tangent of Courſe G 2919 9.74928 
which becauſe the Ship is failing between South — 


n 
Eaft, will be South 29, 19 / Fat or SSE + Eaſt 


nearly. 
Then for the Diſtance, 8 ſhall have by 
277 nn the ere ee 


As Radius pie hd 10.000 
is to the Diff. of Latithde GK 114 2.05690 
ſo is the Secant of the Courſe - 299, 2 1003932 
to the Diſtance GLI. 130.8 211642 
ly the Ship bas filed on a er + Eaſt 
Court 2908 1 4 _ - | 


; s «4 * 74 4 . 4 - 


— ENS. OS 
| Diftance and — given, 1 fd 8 * 
Difference of Latitude. 


2 
| Jeg 
n, 8 


Suppoſe a Ship at Sea, fails 41. the 1 of 
34, 24, North, — North and Weſt 124 Miles, 
is found to have made of Weſting 86 Miles. 
Required the Courſe ſteered, and the Difference of 


Latitude or er made * 


* 0 
* r 


- This | Cale is oi home Wes: Cal + 


, | 
* if N Trigonometry, and 8 it we have the 
3 . i ann [1 
3 : oy | 
n * . „L 
M , by 
2 Ty 
„ „ 
0 S 1 ! * AY 4 
2 8 . 
: 2 
1 0 21 4 Te 0 tuo? 
following Proprnien for 1 che Courſe ADB 
viz, 
; _ 4 wa 
d As the Diftance'AD — 1446 1 
is to Radius - - 3 8 4 
ſo is the ure A B - 86, - - 1-93450 
to the Sine of the Courſe D 43®, 60 - 9.84108, 
ſo the Ship's Courſe is North 43 „54 Weſt, or 
W | 
of | ; 
* eee 
8. aſe 3. of Rectangula / Trigonometry, the wing 
BY 2 UVIZ. bn | 5 5 
As Radius 2 9 2 10. 00000 
is to the Diſtance AD - 124 2.09342 
ſo is the Co· ſne of the Courſe 430, 54 - 9.85766 
to the Diff. of Latitude BD - 89.35 1.93108 
n is 8 to 1 N and be Minute — 


1 8 eg 9 * * 
1 1 , 5 
: ; The 
wad? ** 
Z _ ny 7% l . 
1 0 9 Fi 9 


| FRY ay 


85 . a den 
Latitudes are North, and the * ſatling from the 
Equator. Therefore, 


To the Latitude ſailed fromm . 448, 1 
add the Difference of Lande * 5 — 1, 297 


the Sum is N 53 
the Latitude the Ship is is in n North: N 


ee ee 


Courſe and Departure given, to find Diftance and 
. 2 ax 


Ao 


8 >.  Fxamp le. 1 
Suppoſe a Ship at Sea, in the Latitude of 249, 30 
South, fails 8 E58, *till ſhe has made of Eaſting 5 6 
Miles. Required the Diſtance and Difference of 
Latitude made good on that CourſeGQ. 


This Caſe is projected the fame Way a Caf A 
of RePungulor Trigonometry, * 


GJ 
+ # fi " 
CASE {1 ; a 4 N 1 5 
% & * 
* , 4 5 N 1 29 . 
98844. ö 110 "3% SC, 20 
4 4 * 
1 £45 64 of 
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* 44 * 1 
* e 1 Ry * 
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9 enn 
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* 140 513 23 


9.2 a 43 - 4 - A 
7 V 12 1 "Furr ö . A * J'S: Eine, | i (2 16 3 ef Wit 


v wing baren fr ding the Dita | 


n p FY * * F ad. Il 1 pe . 
7 & . "7 * . £ 8 A * 2 . 
1 2 1 . ” = 1 * 5 j * N * 
a * 1 N r 
| * 8 : » A a- 


As the Sine of the Co G 1 5 * 
is co the Departure EI M e 2 Thar 
| ſo is Radius . 10. 000 


to the Diſtance G M n 2728 = 222793 | 
ben for the Difference of / Jatttiile; we have 


> 


y by Ces. of Recta lar” Tri 
F gu 2 onome > the follow! 
F Kanne Es. . 57 - an 


As the Tangent of Courſe + - 339" „ 11 6 
is to the Departure HM * 7 1 22 i 
a i i Radu 10. 
to the Difference of Latitude GH. 11 7 2.1 48 
equal to 20, 24 nearly. Conſequently fince the 
titude the — ſailed * was South, and ſhe eh 


„re the Lede failed fon BEE = 24% angle 6 
05 add the man jy * L — 2 
. and the Sum ” —— — 5 26% 7 1 

is the Latitude ſhe is come to Sache "Gil 


6. When a Ship ſtems ſeveral Courſes in 24 ms | 
then the 9 all theſe into one, and thereby 
finding the Courſe and Diſtance made good upon 
the Whole, is commonly called 2 Reſolving of 2 
Traverſe. 1 

7. At Sea they common! be) each Diy's RC. 
koning from the Noon of — gin and from that 
Time "they fer down all the different Courſes and 
| Diſtances' ſtemmed by the Ship "till Noon next Day 
2 upon the Log- Board; then from theſe hb bei 
2 ee Diffenace of Lac 


meat ts of P 
e Cortes 

hey In — ealled' be Na Tab, A 
wurd delt of ve Columns in the firſt of which 2 
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LS 
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272 0 Plain Silit | | Ou 
are. placed dhe Courſes, and. Diſtances, n 
next the Differences of Latitude belonging to theſe 
. Courſes, according as they are North or South, and 
in the two laſt are placed the Departures belonging 
to theſe Courſes, according as they are Eaſt or Weſt. 
Then they ſum up all the Northings, and alli the 
Southings; and taking the Difference of theſe, they 
know the Difference of Latitude made good by the 
Ship in the laſt 24 Hours, which will be North or 
Squth, en as the Sum of the Northings or 
Southin ateſt; the ſame Way by taking the 
Ho. of all all the Eaſtings, and likewiſe. of all the 
eſtings, and. ſubtrafting the leſſer of theſe from the 
gre the Difference will be the Departure made 
good by the Ship laſt 24 Hours, which will be Eaſt 
or W 


' K 
| 


- — — 


2 ar mn — WOE I 2 — — — — — —— — — 22 OUS OY — — —— — 
* 


— — 


according as the Sum of the Eaſtings is 
ter or leſs has the Sum of the Weſtings; then 

the Difference of Latitude and Departure made 

by the Ship laſt 24 Hours, found as above, 
> d the — Courſe and Diſtance made good 

| whole (by Caſe 4. of Plain Sailing), 
| i al the Courſe — Diſtance to the intended 
Piet. 

= ER 1 en {30.774 
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gau loc, 


W a hs” at Ses, in the Latitude of 48% 247 
North at Noon en Day, is bound to a Port in the 
e of 43e, 40 North, whoſe Departure from 

e Ship is 144 Milos Eaſt; conſequently the direct 
e wed ee ae the Shi is 8E Eaſt 316 
- Miles; but by reaſon of the ſhifting of the Winds 
de is iged to ſteer the following Courſes till Noon 
1 next Day, viz. S ES 56 Mite, SSE 64 Miles, 
1 NW W 48. Miles, S W Weſt 54 Miles, and 
qi SEZS + Eaſt 74 Miles. Required the Courſe and 
5 Diſtance made Tat the laſt 24 ar and the 
| Ls 1 { <3» 029%: a Bearing 
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hang and Diſtance of the Ship from the intended 
Ort 


The Solution of this Traverſe depends entirely on 


| the iſt and 4th Caſes of Plain Sailing ; and firſt we 


muſt (by Caſe 1.) find the Difference of Ne 
E for each Courſe. Thus, 


1. Courſe $E3S Diſtance 56 Miles, © . 
For e OY 


Noa, Ä 6 =. 4. aan 


is to the Diſtance <- - 56. - - 14400 
ſo is the Sine of the Courſe 33% 45” - 9.74474 


to the Departure D ene 
For Difference of Latitude. 


As Radius UUMUZ—ü—U— '- '- - - -  10.00000 

is to the Diſtance - - 56 - '- <0: 
To is the Co: ſine of the Courſe 33, 45 9.91985 
to the mor of Latitude - 46.87 1.66804 


2. Courſe 8 S E and Diſtance FR Miles.” 
For Departure. 


As Radius „„ a AS a 10.0000 
is to the Diſtance - - 64 - 1.80618 


ſo is the Sine of the Courſe 229, 30 | - 9.58284 4 
ts EEE: — 245 3 1.38902 2 


F or Difference of Latitude. 


As Radius eee 1 3 
is to the Diſtance - - - 64 - 1.80618 
ſo is the Co: ſinè of the Courſe 220, 30” _ - | 9 96564, 
to the Difference of Latitude 59.13 2 1.771 
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0" ? " Of Plan ig, * 
LY 3 'Coure NW 3 W * Diſtance 48 ü | 
3 For Danese Ne 


. Ee Beal NEIL 
is to the Ditance - 4 .» fs 
ſo is the Sine of the Courſe 56% 1570 


to the Departure 39.91 10109 
For Difference of Latitude. : 
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to the Difference of Latitude 26.67 - = 1.42598 
4 Courſe SW Weſt and Diſtance 54 Miles. 
1 | | ; For Departure. _ „ 

. "As Nodes — 3 - <2, | — — 

0 . | in to the Diſtance. ee ERROR 742 

| | - Þ is the Sine of the Courſe -- 155, * t ; 
WO to the Departure 167 2 


Dire 
— — 
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For Difference = tadwde. 


As. Radius | . 19,90909 
is, to the Diſtance A . * 33 . © 1.70239 

ſa is the Co ling of the Courke” - 162, 527 9.9809 
tothe Difference of Latitude - $1.67 - 1.71329 


5. Courſe SE3S2 1 Eaſt and Diſtance 74, Miles. 
For Departure. | 
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b is the Sine of the Courſe - 39, 22! 9.0228 
ta the Departure - - - - 46.94 - 167 j 51 
| For 
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2 *. ä 


As Radius . - 1 10.00000 
is. to the Diſtance - - 48 1.68724 
ſo is the Co- ſine of the Courſe 36 1 5s! - 974474 
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As Radius TIE 2 - > 3 49 N 
is to the Diſtance 74, Jug 1.86923, 
fo is the Co-fine of the Courſe 395, 22' - 9,888 


to the Difference of Latitude 3 7817 


Now theſe ſeveral Courſes and Diſtances, 
ther with the Differences of Latitude and De 
tures deduced from them, being ſer down in 


= 


proper Columns in the N Table, Will ae : 


follow. f 
n The Trade Table. N 
Courſes Diftances) Diff. of Lat. |. . — Fa 
WS 
SE&S - - 56—— 46.573 
SSE - - - 64|——|. 59413 | 245: | 1 
 N,W&W - - 48 26.6) |———|——-|.2991 |... 
S W Wes 54] —|'51.67 [—| 55 | 
S E581 Eaſt - 74] ——| 57-21 46.94 — 4 


26.67 214. 58] 102, 551 93-38 2 
| 2667 | 55.58 — 


te: Diff, of Lar. 1187. 91/4697 | Dope.) 
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Hence it is plain, ſince the Sum of the Northings | 
is 26.67, and of the Southings 214.58, the Difference 
detween theſe, wiz. 187.91 will be the Southing.made 


good by the "Ship, * Taft 24 Hours; alſo the Sum 

of the Eaſtings being 102,55, and of the Weſtings 

55 58, the, uren 46. 9] will be the Eaſting dt 
Jeparture made 


* 4. 17 Plain Sailing, 
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the Shi ip's laſt 24 Hours; | 
conſequently to d Ng true Core and Diſtanes 
made good 1. the Ship in chat e * Wil be x 
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2 o Plan Saline, BE. 
As the Difference of Lanwade, 187. 7 2. 29; ; 
is to Radius * - ,- . = 10.00000 


ſo is the Depart TY . 46.97 167182 


de ene = - 140 „031 19.3 Bile 2 


which is SE : Eaſt my Then for oy 

it will be 

As Radius, — — - <  10.00000 
is to the Difference of Lad 187.91 * 2.27393 
ſo is the Secant of the Courſe. 14 „o 10.013919 


to the Diſtanſte - 193.7 2.28712 
© conſequently the Ship has made good the laſt 24 


Hours, on a 83 E z Eaſt Courſe, 193.7 Miles; 
and ſince the Ship is dung towards the Equator, 


therefore 


' From de Latitude filed from! - -- 48%, 247 N. 
take the Diff. of Latitude made good - — 4 os. 8. 


there remains -" 6% 246" N. 


the Latitude the Ship is in North, And becauſe 
Fort the Ship is e for, lies in the Latitude 


of 435, 40, North, and conſequently South of the 
| Ship, therefore 


From the Latitude the Ship is in 45%, 16!N. 
take the Latitude ſhe is bound for 43 , 40 N 


* K — — 0 


and there remains - - - - 15 36 
or 96 Miles, the Difference of Latitude or South- 

ing the Ship has to make. Again, the whole Ealt- 
ing the Ship had to make, being 144 Miles, and 


ſhe having already made 46.97 or 47 Miles of Eaft- 


ing; therefore the Departure or Eaſting ſhe ftill 
has to make will be 97 Miles. Conſequently to find 
the dire& Courſe and Diſtance between the Ship and 
the intended Port, it will be by Caſe 4. of Plain 
Sailing. 


D r — am . XM£<q__.... : 


of of Hl Bas 


e CELESEST 1 == 


| Fe the Difference of Lande 71 - © 1.98227 


is to Radius - - = ++», - - 10.00000 
ſo is the Departure 97 - - 1.98677 
to the Tangent of the Courſe 45, 190 10.0450 


and 


As Ras — — . — 2 10.00000 


is to the Dime: of Latitude = 96 + -- 1.98227 
ſo is the Secant-of-the Courſe - 45, 16 9 20 
to the Diſtance - = - 136.8 2.1 — 
whence the true Bearing and Diſtance of the 

Port is SE, 136.5 Miles. 


8. In the following Table, computed by Caſe 1. 
of Plain Sailing, for the more ready working a Fra- 
verſe, you may obſerve, that in the top Column. of 
each Page are 4 the Courſes beginning at 1 De- 
gree, and proceeding through the ſeveral Negrees, 
Points, and quarter Points, to 45 Degrees, the bhot- 
tom Column beginning with 45%, where the upper 
ends, and proceeding to —_ Degrees in 
the upper and lower Columns the Compliments + 
of one another. The two ſide Colne in cach Page 
contain the Diſtances, viz. thoſe on the left Hand 
contain the Diſtances from 1 to 50, and thoſe on che 
right Hand Page contain the Diſtances from 50 to 
100. The other intermediate Columns contain Diffe- 
rences of Latitude and Departures, anſwering tothe 
Courſes in the top and Diſtances in the fide Columns. 
The Uſe of this will be iy on WEE 
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tude, and 30.4 for the Departure. 


'Of Plain Saline. © N ; 
Example rw. 
e the Courſe to be SES. Eaft, and 


Diſtance 48 Miles. Required Difference of Latitude 
and Departure. | OE. 
Firſt, 1 look in the top Column for 3 + Points 


(becauſe it is leſs than 4 Points, or 45 Degrees) 
and in the fide Column on the left Hand Page (be- 


cauſe the Diſtance is leſs than go) for the Diſtance 


48 ; then below the 3 f Points, and on the fame 
Lane with 48, I find 37.1 for the Difference of Lati- 


o 


Example 2. 


Suppoſe the Courſe N E= E, and the Diftance 
76 Miles. Required the Difference of Latitude and 
Departure. | 
Fin, I look in the bottom Column for the 
Courſe, viz. 5 Points (becauſe it exceeds 4 Points, 
or 45 Degrees) and in the fide Column on the 


right Hand Page (becauſe the Diſtance exceeds 50) 


tor the Diſtance 763 then above the Courſe, and 
on the ſame' Line with the Diſtance, I find 63.2 
for the Departure, and 42.2 for the Difference of 
Latitude. | FF 9 5 

If the given Diſtance exceed the Limits of the 
Table, i. e. be greater than 100, then that Diſtance 


muſt be divided into two or more Parts, each of 


which muſt be leſs or equal to 100% then find, as in 


the preceding Examples, the Difference of Latitude 


and Departure for each Diftance on the given 
Courſe, and the Sum of theſe Differences of Lati- 
tudes will be the Difference of Latitude required, 
alſo the Sum of the Departures will be the Departure 


Example 
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15 
Suppoſe the Courſe S WIS, and Diſtance. 146 
Miles. Required the Difference of Latitude and 


Departure. : | 

9 Firſt, 1 divide the given Diſtance into two, ix. 

Wm 100 and 46; then the Differences of Latitude and 
Departures anſwering to theſe on a S W 34S Courſe, 


found in the Table, will be as follows, VIZ, 
Courſe. Dit. Diff. of Lat. Depar 


SWb3S 100 . 83 55.6 
— — 46 2338.2 235.5 
— 146 121.3 81.1 


The Sum of the Differences of Latitude, wiz. 
121.3, is the Difference of Latitude required, and 
the Sum of the Departures, viz. 81.1, is the Depar- 
ture required. X k 2 

After the ſame Manner may a Traverſe be wrought 
by the Table, viz. by finding the Difference of . 
Latitude and Departure (from the Table) to each 
Courſe and Diſtance, and ſetting them down in 
their proper Columns in the Traverſe Table, and 
2 working as in the foregoing Example of a Tra- 
verſee. * 3d <0 


Example. 

Suppoſe a Ship in the Latitude of 369, 43 North, 
fails on the following Courſes, viz. SE 45S 56 Miles. 
SSE 42 Miles, S5 W 64 Miles, and NEN 
40 Miles. Required the Courſe and Diſtance, made 
good upon the whole, and the Latitude the Ship has 
come to, 
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© Firſt, 1 take from the Table, Fax Difference of 

Latitude and Departure belonging to each Courſe 

and Diſtance, and theſe fer down in their proper 

— in a en Table, . ol- 
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ES A | 33-3 [1491 | 69.8 | 
| i f 33-3 12.5 | 
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Diff. of Lat. 115.8 57.3 
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Wheace i it is Bain that the Difference of Latitude 
made good is 113.8 Miles, and the Departure is 57.3 
Mites © then for the direct Courſe and Diſtance it will 


be, by Caſe a. N e. 


As the Difeice of Laticude a 1250 - 2.09968 
4 to Radius - - - 10.00000 

is the Departure 57-3 1.75815 
to the Tangent of the Courſe - 249, N 9.65847 
which, becauſe the Ship is failing between Soutt! 


and Eaſt, will be SSE 2 Eaſt nearly. Again, for 


the Diſtance i it will de, 


c 2 AnSboco 


is to the Difference of Lantde \ - 115.8 2.09968 


ſo is the Secant HY Courſe - 24, 30“ 10.04098 


to the Diſtance s 136.3 - e 


irſe 
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© Of Plan Sas. "= 
And ſince the Ship is failing towards the Equa- 

cor, and conſequently diminiſhing her Latitude, there- 

, 

From the Latitude ſailed from 36", 43, N. 

ſubtract the Difference of Latitude » 55 Sy 


and there remains 3455 48 N. 


the Latitude the Ship has come to. 
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—2 2 — 2 

. I} 59.2 | 55-2 56.3 

4.8 60.01] 55-9 57. o 

11 60.7 56.6 57.6 

15 3s 61.4] 57-3 58.3 

24-3 [5 i pd Sb 

9 56.4 7463-01 53.6161.9 | 59.7 
8765.7 57.1 53. 4163.6 þ59-3 152.6 | 60.4 
6.4 52 | . 446.063.3161. 1 

89 667.2 58.4 39.865. 160.7 [64 061.8 
go [67-9 '59.1 4 5.8 67.4 62.5 
91 [58.7 |59.7 61.766.562. 1 63.2 
9.4 604 61.8167.3] 62.7 63.9 
70.2 61.0 62.4158.0164.4 64.6 
71.0 61.7 63.168.764. 65.3 
—2 (6243 63.869. 564.8 68.3 | 66.0 
96 72.5 63. o 64.5 0. 265.5 66.7 
97 [73-2 63.6 . 65.1170.9166.1169.3] 67.4 
| 93]74-0 64.3 [72.3 65.8]71.7166.8170.5 [68.1 
74+7 65.0 3-6 66.5 2.467. [71.2 1 68.8 
67,2173-1168.2f7t.9 | 69.5 

Lat. Dep. [Lat. Lat. 


7 


- 


— — — 


2 . * 9 2 - * 
- a - ' — od »# Sy. 4.4 % MS 4 = =" „ ag ro ts n — + - — we . 
——y—y]— — — — = 5 * — . 8 T ——— ti 4 — — —— — — in 1 „ SE” 4 : 
, 0 
K „„ 


* * 3 


e 
Of Parallel Sailing. | 
| Fant 5 


1. OINCE the Parallels of Latitude do always 

decreaſe the nearer they approach the Pole, 
it is plain a Degree on any of them muſt be "leſs 
than a Degree upon the Equator. Now in order 
to know the Length of a Degree on any of them; 
let PB repreſent half the Earth's Axis, PA a 
Quadrant of a Meridian, and conſequently A 2 


* 
— F * 7 : 


an 


N [ , 14 8 
| . | 4 ; 
= by — os —_ B | F , 


e 3 
Point on the Equator, Ca Point on the Meridian, 
and CD a Perpendicular from that Point upon the 
Axis, which plainly will be the Sine of CP the 
Diſtance of that Point from the Pole, or the Co- 
ſine of CA it's Diſtance from the Equator, and 


CD will be to AB, as the Sine of C P, or Co- 


ſine of CA, is to the Radius. Again, if the Qua- 
drant PA B be turned round upon the Axix PB, 
EY 4 : | 2 tis 


— 


2296 0 ral e 
atis plain the Point A will deſcribe the Circumference 
NRadtus is AB, and any other 
Point C upon the Meridian, will deſcribe the Circum- 
ference of a Parallel, whoſe Radius is CD. 
Cor. 1. Hence (becauſe the Circumferences of Cir- 
cles are as their Radii, as is eaſily gathered from Art. 
Heir. 1.0 it follows that the Circumforende of any 
Fall, ãs to he Circumference of the Equator, as 
che Do- ſinc of it's Latitude, is to Radius. 
Cor. 2. And fince. the Whales are as their ſimilar 
Harts, it will he, as the Length of a Degree on any 
- Parajlel, 15 to the Length of: a upon the Equa- 
ute, ſo is che Co- ſine of the Latitude of that Parallel, 
to Radius. 

Cor. 3. Hence as Radius is to the Co-fine of any 
Latitude, ſo are the Minutes of Difference of Longj- 
tude between two Meridians, or their Diſtance in 
lee upon the Equator, to the Diſtance of theſe two 

ridianb on the Parallel in Miles. 
* Hen A And as the Co- ſine of any Parallel is to 
ox Radius, the Length of any Arch on that Paralle 
2 | (intent erween two Meridiane) in Miles, to the 
lar Arch on the Equator, or Miuutes 
5 ff of Berne Longitude. 

"Cor, 5, Alſo as oo Co- ſine of any one Parallel is 
to the ne of any other Parallel, ſo is the Length 
of any Arch on the firſt, in Miles, to the Length of 

the ſame Arch on the other i in Miles. 

2. From what has been ſaid, ariſes the Solution of 
the ſeveral Caſes of ho Lal. which are as 


e . : a J = NT 
15 % ene 
ee the 25 * Longitude hetween tuo Places, 


Joth dying an 2 * Wa. 40 * the es be- 
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2 I. 9 
Sappoſe a Ship i in the Latoude 8 20 Nerd, 
fails direaly Weſt on that Parallel ill it the has differed 


her | Longitude 129 457. - wn aries he Mm 
failed on that Parallel. , 

Firſt, The Difference of Longitude reduced” in- 
to Minutes, or nautical Miles, is 25651, which is the 
Diſtance between the Meridian ſailed from, and the 
Meridian come to, upon the Eguator; then to find 
the Diſtance - between theſe Meridians on the Be- 
rallel of 54, 20/, or the Diſtance failed, it will be, 
by Cor. 3. of the laſt Article, 


As Radius | fern e 10.00000 
is to the Co-fine of the Lau. 54* , 20! = 9.76592 
ſo are the Minutes of Diff. Long. 769 2.88366 
to the atk.” on the ler yp i ese 


Example 2. 


A Degree on the Equator berg! 60 e or * 
nautical Miles. Ne uired the n of a hed He 
on the Hale of 81 , "ah 


By:Cor. 3. of the lf rich, ic will be 


As Radius -: 2/1 10 =». 20.00MM 
is to the Co- ſine of the Lat. OY = 9.79383 
ſo are the Min. . Dag e 60 4.776 15 
to 2 3732 1.87198 
beg anſyering 9 Daene on he Perl w | 
51 3 CZ 8 
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"of Parallel Sailing. © 
By this Problem the following Table is conſtructed, 


ſhewing the Geographic Miles anſwering to'a Degree 


on any Parallel of Latitude; in which you may ob- 
ſerve, that the Columns marked at the Top with D. L. 
contain the Degrees of Latitude belonging to each 


Parallel; 


and the adjacent Columns marked at the 


Top, Miles, contain the Geographic Miles anſver- 
1 to a Degree upon _ Parallels, - | 


H + 


2 wy Table Hewing bow 4 Miles 5 1 60 4 * 
oy Longitude, at every Degree of Latitude. 


93934 


VA 


\ 
— 


3 23: £) 
OW 3 a 


_ 


EX 


& * 


| 


Þ 4 


— 


. L. 


_ 4 
* 


19 
20 


50.88. 


49 ar 


Mi 
56.73 
56.38 
56. ot! 
55.63 


155-23.] 
54-81,; 

54.38 
52.23 


53-40, 

52. 97 
52.47 
51. 1-96, 
51.43 


50 32, 


49.15 
48. 54 


Mites TD: i 


47-92 


147-28 


46 62 
45-95 
45-28 
44-95 


[43-88 
43.16 


42-43 
41.68 


40 92 
40.15 


39 36 


438-574] 


37-76: 
36.94 


36.11 
35:26" 


Vie 


34-41] | 
3355 
32.68 
31-79 
30 90 
30.00 
29 090 
28 17 1 
27 24 
26. 30 
25.36 
24-41 
23-45] 
[22-44 


N 


| 


20.5 2 
19.94] 
18.55 


5.7 


73 


Tho? this Table does only ſhew the Miles 8 1 


As 1 


ing to a Degree of any Parallel, whoſe Latitude con- 
ſiſts of a whole Number of 


ees; yet it may be 


— — 


made to ſerve for any Parallel, whoſe Latitude is 
ſome Number of Degrees and Minutes, by e 
2 following Proportion, vix. 
Degree, or 60. Minutes, is to the Difference 


+\ ode the Miles anſwering to a Degree in the 
next * and next leſs Tabular Latitude than 
5 LN 


fd Sd ac. oo _ ££Aaa mm 


give 


. At. A. 


ISA 


that propoſed, ſo is the Exceſs of the propoſed 
Latitude above the next tabular Latitude, to a 
proportional Part; which, ſubtracted from the Miles 
anſwering to a Degree of Longitude in the next leſs 
tabular Latitude, will give the Miles anſwering to a 
Degree in the propoſed Latitude. 


Example, 


Required to find the Miles anſwering to a Degree 
on the Parallel of 569, 44'. N 


Firſt, The next leſs Parallel of Latitude in the 


Table, than that propoſed, is that of 56, a De- 
oree of which (by the Table) is equal to 33.55 
Miles; and the next greater Parallel of Latitude 


in the Table, than that propoſed, is that of 379, 
a Degree of which is (by the Table) equal to 32.68 


Miles; the Difference of theſe is-.87, and the Diſ- 
tance between theſe Parallels is 1 Degree or 60 
Minutes; alſo the Diſtance between the- Parallel of 
569, and the propoſed Parallel of 569, 44” is 44 
Minutes; then by the preceding Proportion it will 
be, As 60, is to. 87, 1 

rence between a Degree on the Parallel of 56, and. 
a Degree on the Parallel of 569, 44', which there- 


fore taken from 33.55; the Miles anſwering to a De- 


gree on the Parallel of 369, leaves 32.912 the Miles 
anſwering to a Degree on the Parallel of 36, 447, 
as was required, | | 


CASE . 


The Diſtance ſailed in any Parallel of Latitude, ur i 
Diftance between any two Places on that Parallel bemg 


given, to find the Difference of Longitude. 


P | Example. 


- 1 þ k + . . * 
= 7 . _ . 
. * — was a | 
=; a 
B - - WY 


a>. 


* N k | ” . | N | N 5 * 60 | 4 HY ö F 
a * | | .. 7 as. 
. & r f R 5 
" Of Parallel Sang 
| ar np. 209 
\ 


o is 44, t0.638, the Diffe- 


PE 


Of. Parole! Salo, 
* Exanple | 


poſe OI in the Latitude of 569, 3 16! Noch, 
* wett Eaſt 685.6 Miles. ' Required how much 
the has Uiffered her Longitude. | 


By Cor. 4. Art. 1. of thus Section, it wilt be 


As the Co- ſine of the th - 5 5% 26' - 9.75202 
is to Radius - - _ 10.00000 
| 6 the Ditance failed — 68. 5. 3 2.83607 
to Min. of Diff. of Long. - 1213 - - 3.08405 
whiah reduced into Degrees, by dividing by 60, 
makes 200, 13“ the b 1 Longitude the 
Ship | has made. | | 


This may alſo be folved by Help of the vera 
Table, viz. by finding fa” it, the, Miles anſwering 
to a Degree on the propoſed Parallel, and dividing 
with this the given Number of Miles, the Quotient 
will be the Degrees and Minutes of Difference of 
Longitude required. | 


Thus in the laſt Example; 1 fd, from the fore- 
going Table, that a Degree on the Parallel of 55, 
36 is equal to 33.89 Miles; by this I divide the Pro- 
poſed Number of Miles 665 6 and the Quotient is 
20.13 Degrees, i. e. 20%, 131, the Diflarenſe of 
Longitude required. 


CAS E 3. 


The Difference of Longitude between two Plans on the 


4 pon ſame Parallel, and the Diſtance between them being Sven, 


"to 1 the Latitude of * Parallel. | 
E xample. 


211 


A Parallel $841 r 
4 - > IE 4 AN. * N N 
„ ; Rog 0p © FP, 


| Example.” 1 
7 


80 ppoſe 4 Ship fails on a certain Prall! dire 
Welt 624 Miles, and then has differed her Longitu 
18, 46! or 1126 Miles. Required the Latitude of 
the Parallel the failed upon. 


x Cer. 3. 1 1. of this Sei, it will be 2 


As the Min. of Diff of Longs 1126 3.05756 
is to the Diſtance ſailed - 624 2.7951 
ſo is Radius > - + - 2+ "2600005 
to the Co-ſine of the Lat. - - 569, 21 - 9.74364 
conſequently the Latitude of the ER. or Parallel ſhe 
failed upon was 569, 211. 


From what has been ſaid, may be ſolved: the fol- 
ing 1 | 


P R OR. 3: 


Suppoſe two Shi jp in the Latitude of 469, 30 
North, diſtant aſunder 654 Miles, ſail both Areckiy 
North 2 56 Miles, and conſequently are come to the 
Latitude of go, 46” North. ! their Diſ- 


tance on that Parallel. | | 
By Cor. 5. Art 1. of this 8ion, it will be 


As the Co-fine of - - 469, 334 9.83787 - 
is to the Co-fine of - - 50% 4& 9.801 % i 
ſo is „ - — = 054 2 'Y 19 2 
t „ 2 


the Diſtance 1 8 the Ships when on the Paralls ; 


of 50®, 460 | 
x" | 0 


2 
| ROB. 
Suppoſe two Ships in the Sa of 45% 48 172 
North, diſtant 846 Miles, ſail directly North ill the — 


Diſtance between them is 624 Miles. 8 _— 
Latitude come to, and the Diſtance failed. 


N 


By Cor. 5. Art. 1. of this aa, i in be 


As their firſt Diſtance - - 846 » © =: 92737 1. 
is to their ſecond Piſtance — „2.79318 
ſo is the Co- ſine o -. - . = 9.84334 
to the Co- ſine oY , 751175 
the Latitude of the Parallel the Skips are come to. 


Conſequently to find their Diſtance ſailed, 


From the Latitude come to 3690, 04“ 
ſubtract the Latitude failed * iſs: 46 48 


— 


and there remains 3 16 
equal to 796 Miles, the Difference of Latitude or 


Diſtance failed. 


3. Though in ſolving the Problems in this Section, 
we ſuppoſed the Earth to be really ſpherical, yet it is 
not ſo, but rather an ob/ate Spheriod having the Dia- 
meter of the Equator about 34 Miles longer than 
the Axis; which makes the Length of a Degree on 
the Meridian, near the Poles, about a Mile longer 
than the Length of a Degree near the Equator ; and 
the Radii of the Parallels inſtead of being Sines in a 
Circle, will be Ordinates to the leſſer Axe of an 
Ellipſe. Conſequently the true Length of a Degree 
on any Parallel, will ſomewhat differ trom it's Length 

on the Suppoſition of the Earth's being a Sphere ; 
but this Difference is ſo ſmall, that in all nautical 

Caſes it may ſafely be neglected. 
„ | _ SE 0 T. R 
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ar. Ks * > 
c Of Middle Latitude Sailing. 


1. HEN two Places lie both on the ame 

Parallel, we ſhewed, in the laſt Section, 
how from the Difference of Longitude given, to 
find the Miles of Eaſting or Weſting between them, 
& contra; but when two Places lie not on the 
ſame Parallel, then their Difference of Longitude 
cannot be reduced to Miles of Eaſting or Weſting 
on the Parallel of either Place; for if counted on the 
Parallel of that Place that has the greateſt Latitude 
it would be too ſmall, and if on the Parallel of that 
Place having the leaſt Latitude it would be too 
great. Hence the common Way of reducing the 
Difference of Longitude between two Places, lying ' 
on different Parallels, to Miles of Eaſting or Weſt- 
ing, Ce contra, is by counting it on the middle Pa- 
on, alle between the Places, which is found by adding 
* the Latitudes of the two Places together, and taking 
ia - balf the Sum, which will be the Latitude of the 
aan middle Parallel required. And hence ariſes the So- 
on lution « the following Caſes. 


nd N CASE 1. 


an The Latitudes of two Places, and their Difference 
ree / Longitude, given, to find the direct Courſe and 2 
2th tance. © ae 


cal Example. 


T. Required - direct Courſe 4a Diſtance begdeen 
the Lizard in the Latitude of 509, 0 North, and 


5 8 Re Longi- 


take the r - 05, Is 


SATIN." - 5 a 7. . 

R 4 J 5 
2 R 

- 9 N 7 


TN 


yu 


| 214 Made Latitude Sailing: 


Longitude of 39. 14! W. and 5.7 Vincent in the La- 


titude of 179, 10 N. and Longitude of 240 20” W. 


Firſt; To the Latitude of the Lizard - 509, oo' N. 
add the Latitude of St Vincent 17 % 10 


The Sum is - - 3 67e 10 
Half the Sum or Latitude of N 3 
the middle Parallel is - 7 33 » 35 MN. 


Alſo the Difference of Latitude is - 32 » 50 


equal to 1970 Miles of Southing. 


Again, 
From the. Longitude: of St Vincent 249, 200 W. 


hn — 


there remains - - - > , n 
equal to 1146 Min. of Diff of Long. Welt 


Then for the Miles of Weſting, or Departure, it wil 
be, by Caſe 1. of Parallel mn 


As Radius 10. ooo 
u the Co-far of the 

middle Parallel - 2 33%. 3% 9.98969 
ſo is Min. Diff. of Long. 1146 - 3-05918 
to the Miles of Weſting - 954.7 - 2.97987 


And for the Courſe it wilt be, by Caſe 4. of Plain 
Sailing, 


As the Diff. of Lat. a — 3.29447 

is to Rad inv — 

ſo is the Departure - - 954-7. - 2.97907 

to the Tang, of the Courſe 259, 510 - 9.68540 

which becauſe it is between South and Weſt will be 
SSW - Welt nearly, | 


For the Diſtance it will be, 755 the ſame Caſe, 


- As Radius - - . 6 ' 10:06000 


e ede of Lat. 


- 7 
1970. 3 wn 


1 dd 4.8. 52 


47 
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11 Latitude Sailing. | 2 15 


10 is the Secant of the Courſe 250 „ 51' 10. 04579 | f 


to the Diſtance - _ - — 3.34026 


whence the direct dot and Diftzace from the Li- 


zard to St Vincent is SSW + - W, 2189 Miles. 
CASE 2. 


One Latitade, Conrſe and Diftance ſailed ing grins 
to ee the other Latitude and Difference of Longitude 


Example. 


Suppoſe a Ship i in the Latitude of 50 oO. North, 
fails South 509, ob! Welt 150 Miles. 12 guired the 
Latitude the Ship has come to, and how © ook ſhe 
has differed her Longitude. 


Fj 515 For the Difference of Lattude it vin u be, 
by Caſe 1. of Plain Sailing, 


As Radius „34000000 
is to the Diſtance 150 - . 2.17609 
ſo is the Cocfine of the Courſt 50, 06 - 9.80716 


to the Diff, of Latitude 96.22 1.98328 
equal to 1, 360, and ſince the Ship is failing towards 


the Equator. Therefore, 


From the Latitude ſhe was in 50%, oo 
take the Diff. of Latitude — — -./ 34 


and there inn 482, 24 


the Ladtude ſhe has come to North. ceny 4 


the Latitude of the middle Parallel will h 2 
wands + r 


Then * 8 or Welting it will be, * the 8 
ſame RO 
Pe 


is to the Diff. of Latitude 142 - - 2.15229 
ſo is the Tang. of Courſe - 339, 45! - 9.82489 
to the Departure - 94.88 - - 1.99718 
And for the Diſtance it will be, by the ſame Caſe, 


rr | . | 
5 N n 1 ; , 4 
1 8 7 "a 
Rs | * 
. — . 
216 * Mbadle Latitude uf. 
. 1 4 * * * Ws 
; 3 5 * 


| — AsRadis - '- - - - 1000000 
is to the Diſtance - - - 150 - - 2.17609 


ſo is the Sine of the Courſe 50%, 66' - 9.88489 
to the Departure - 115.1 2.06098 


and for the Difference of Longitude it will be, by 


Caſe 2. of Plain Sailing, © 


Asthe Co-ſineof the middle Parallel 499, 12/ 9.81519 
is to Radius - - - - - - - - 10.00000 
ſo is the Departure - - - 115.1 - 2.6Jog8 
to the min. Diff. of Longitude 196.1 - 2.24579 


equal to 2®, 66“, which. is the Difference of Longi- 
tude the Ship has made Weſterly. | 
| CASE 3. 


Courſe and Difference of Latitude giuen, to find the 
Diftance ſailed, and Difference of Longitude. | 


Example. 


Suppoſe a Ship in the Latitude of 539, 34 North, 
fails S E 68, *till by Obſervation ſhe is found to be in 
the Latitude of 519, 12, and conſequently has 
differed her Latitude 2®, 220, or 142 Miles. Re- 


quired the Diſtance failed, and the Difference of 


Longitude. 


Firſt, For the Departure, it will be (by Caſe 2. of 
Plain Sailing), 2 BEL ng 


As Radius,, - — - = + 10.00000 


8 8 * 
- 
= * 


ting g 55> Mons 


DS 


An_w TP ww 4 


Na Latitude Sailing. " aan 
VW 
is to the Diff. of Latitude 142 —— » 2.15229 
ſo is the Secant of the Courſe 33, 45 - 10.08015. 
to the Diſtance FN 170.8 — * 


by 


Then, ſince the Latitude ſailed from was 53e, 34 
North, and the Latitude come to 51, 127 North, 
therefore the middle Paralle! will be 529, 23', and 
— oe for the Difference of Longitude, it will 

be (by Caſe 2. of Parallel Sailing ), 


As the Co · ſine of the mid. Parallel N 23 9.78560 
is to the Departure 94.88 1.97718 
ſo is Radius - - = 10.00000 
to min. of Diff. of Longitude — 166.5 2.19158. 
equal to 25, 35/ the Difference of POW 


CASE 4. 
Difference of Latitude and Diftance ſailed te] to 
find the Courſe and Difference of SAI 


Example. 


Suppoſe a Ship in the Latitude of 4.32, 26/ North, 
ſails between the 2 and Eaſt, 246 Miles, and then | 
is _ by Obſervation to be in the Latitude of 

o North. Required the direct Courſe and 
Difference of Longitude. | 


Firſ, For the Courſe it will be by Caſe 3 2 Y 


Plain Sailing, 


As the Diſtance e 246 2 = = ab 
is to Radius = = - no e 


110 


— 


DD 


"0 


2 UE 1 - 
Was 'Þ «i * 


the Latitude Sang. 

15 is the Diff. of Latitude 1410 2.14613 

to the Co- ſine of the Courſe 339, 19 - 9.7551 

Which, . becauſe the Ship fails between South an 
Eaſt, will be South 55®, 19“ Eaſt, or SEbE 

nearly. 2 


Then for Departure it will be, by the ſame Caſe, 

As Rs . 19.00000 
is to the Diſtance - - 246 - < - 2.39094 
ſo is the Sine of the Courſe 55°, 19 - 9.91504 
to the Departure - 202.3 - 230598 


Laſtly, For the Difference of Longitude it will 
be, by Caſe 2. of Parallel Sailing, 1 SPOT a 
As the Co-ſine of the mid. Par. 429, 16 - 9.86924 
is to the Departure - 202.3 - 2.30598 
ſo is Radius - - - - - - - - 10.00000 
to min. of Diff. of Longitude 273.3 - 2.43674 
equal to 4®, 33, the Difference of Longitude 

Eaſterly. | 8 . 


r 


Courſe and Departure given, to find Difference of 
| Latitude, Difference of Longitude, and Diſtance 
ſailed. | 5 | 


Suppoſe a Ship in the Latitude of 489,23! North 
fails S W 4 S, *till ſhe has made of Weſting 123 Miles. 
Required the Latitude come. to; the Difference” of 
Longitude, and the Diſtance failed. 


Hirſt, For the Diſtance it will be, by Cafe 6. 
F Plain Sailing, pe pe Aa 


As 


As 


which is equal to 30, oo“, tho Difference of W 


W 


Mad 12 Sail. | 21 19 | 
As the os er the Court: 33% 47 9.74474 


is to the Departure - - 123 - 2.08997 
ſo is Radius - ? - - - - 10.60000 
to the Diſtance - - 221.4 - 2.34517 


And for the Difference of Latitude i it will be, by the 
lame Caſe, 


As the Tang. of Courſe - 339, 4 9.82489 
is to the Departure - - - 123 - - 2.08991 


ſo is Radius ——— . 


to the Diff. of Latitude. — 184 - 2.26502 


equal to 35, 04, and ſince the Ship is failing towards 


the Equator, the Latitude come to will be 459, 
19 North; and INI the middle Paralle! 
will be 46, 51. 


Then to find the Difference of i cnkioadd it will be, 


by Caſe 2. of Parallel Sailing, 


As the Co-line of mid. Par. 46, 51” - 9.8300 


is to the Departure - - - 123 - - 2.08991 


ſo is Radius = 0. 1 


to min, of Diff. of Longit. - 180 2.2491 


_ tude Welterly, 


CASE 6. 


Difference of Latitads and Departure given, to Ind 3 


Courſe, PW on Difference of Longitude. 


Example. 


a a Ship i in the Latitude of 469, 375 North, 
fails between South and Eaſt, till ſhe has made of 
Eafting 146 Miles, and is then found by Obſer- 


vation, 
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| vation to be in the Latitude of 43, 2 7 
Required the WP, Diſtance, and Di erence of 
* | ** 


Firſt, By Caſe 4. of Plain Sailing, it will be for the 


| Cou rſe, 


3 


As the Diff. of Latitude 19982 2.28556 
r == 289 - - 2.16137 


fo is Radius 7. — - -10.00000 


to the Tang. of the Courſe 369, 55! ' = 9.87581 
which, becauſe the Ship is failing between South and 


Faſt, will be South 360, 55 . or * 8 | 


Eaft nearly. | | 
For the Diſtance it 90 be, by the ſame Col 


As Radius - - -< - - == 10.00000 
is to the Diff. of Latitude - - 193 - 2.28556 
ſo is the Secant of the Courſe - 36®, 55! 10.09718 
to the Diſtance - - - - 241.4 2.38274 


Then for the Difference of Longitude it wil be, 


by Cafe 2. of Pali Sailing, 


As the Co-ſine of the mid. Par. 45*, * 9. 115 
s to the Departure = 146 — 2.16137 
| fo is Radius = »- 10.00000 
| to min. of Diff. of . ee 205 - 2.31188 
caqval to 35, 257 8 

= Eafterly. | Ne 


s E 7. 


Di ance and Departure given, to find 2 7 


: Latitude, TOO and Difference of Longitude... 
1 ol Sees py Yes Kai., 


ference of | Longitude 


© ww mHds c_ 
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ond a 8 in the 1 of 330, 40% North, 
fails between South and Eaſt 165 Miles, and has - 
then made of Eaſting 112.5 Miles. Required the 
Difference of JR Courſe, and Difference of 


Longitude: | 


"Bk 71. For the Chu it will ben by - 4 7 
Plain Sailing, 


As the Diſtance — 1165 =: = 2.21748 
is to Radius - =. -- -  10.00000 
ſo is the Departure 112.5 — =. 2.05115 
to the Sine of the Courſe 42®, 59” - 9-83367 


which, | becauſe the Ship fails between South and 
Eaſt, will be South 42, 59" Laſt, or S E58 
2 Eaſt nearly. 


And for the Difference of Larkude} it will be, bs the , 
ſame Caſe, 5 | 


Ai Radius . - - - - _-. - - _-_ -: 20,0000 
is to the Diſtance - .- 165 - - 2.2174 
ſo is the Co- ſine of the * 7, 55, - 9.86436 
to the Diff. of Latitude - 120.7 - 2.08184 


equal to 20, o0!; ac the Latitude come to | 
will be 31, 40' North, and the Latitude of the, 
middle Parallel will be 329, 40. Hence to find 
Difference of L it will be, * Caſe 2. 
Wr Sailing, | ; 


| 4 1 
is to the 


ſine of the mid, Par. 322, 4% 9. 92 522 
eparture 112, 4 


222 wee Ain oak 
* oa 


Þ is Radius * — 1000000 


to min. of Diff. of Lon 13 - 2.12 
| equal to 2®, 1 4 nearly, e — 
Eaflerly. , 


— 2 
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dener of Lai and . given, to find 
Di ference of Latitude, Courſe, and Diſtance 4 


Example. 
© Suppoſe a Ship in the Latitude of 300, 46/ North, 


; * berween South and Weſt, fil her Difference of 


Longitude is 30, 12“, and js then found to have 
departed from her former Meridian 126 Miles. 
Required the Difference of. Latitude, Courſe, and 


Diſtance ſailed. 


Firſt, For the Latitude ſhe has come to it vil be, 
by Caſe 3. of Parallel Sailing, n 


As Min. of Diff. of Long. 192 - 2.28330 
is to Departure - - - - 126 - . 2.10037 
ſo is Radius — = - _- 10. 00000 

to the Co- ſine of the mid. Par. 48®, 59 9. 81707 


' Now fince the middle Latitude is equal to half the 
Sum of the two Latitudes (by Art. 1. of this Se#.) 
and fo the Sum of the two Latitudes equal to double 
the middle Latitude it follows that if from double 


the middle Latitude we ſubtract any one of the La- 


titudes, the Remainder wilt be the other. Hence 


from twice 48, 59“, viz. 979, 58%, raking 50% 46 


the Latitude failed from, there remains 4.7%, 12/. the 
Latitude come to. Conſequently the Diferetice of 


Fa ä 3e, 340, or 214 Minutes. 
| Then 


Tn of NOIR N 


of 


to 


Y = ac 
: | ” 
* 


n 8 
ae yr thy Gon i will ty by Gor re 
Sailing, 
As Diff. of Lat. — — CA 214 - - 2.33061 


is to Radius 8 - | 10,00000- 


ſo is the Departure - - 126 - - 2,100 $7 


to the Tang. of the Courſe 309, 29/ - 4 
which, becauſe it is between South and wel, EN 


be South 30®, 29 Weſt, or $S W Weſt N 
And for the Diſtance it wilt be, nnn 


As VCC 10. o 
is to the Diff. of Lat. 214 2.33047 
ſo is the Secant of the Courſe 306, 29 - 10.06461. 
to the Diſtance - - - - 2484 - - 2:39508 


2. From what has been ſaid, it will be eaſy to 
ſolye a T Fraverſe, by the Rules of Ae Lau 
Sailing. 8 


- 


Example. 


Suppoſe a Ship in the Latitude +5 4.32, 2 Nat | 
fails 1 n the following Courles, viz. 's W585 6 95 
Miles, SS W Weſt 45 Miles, 85 E 54 Miles, =X 
SWS W 74 Miles. ed the Ladd the Ship 


has come to, * her Longi- 


tude. 


Firſt, By Cale 2. © this eck, find- the Difference 


of Latitude, and Difference of Longitude belonging 


to each Courſe and BAER and I, vill f ſtand as, : 


e Fang, 0 NS ee * 


0 ” 
{17 ) 


2 * mg 
# k EY - .: 
= p * - 
* 1 9 " * 


3 8 ww 
— — — 
52.4 — 127.85 
39.7 De 28.62 
539811375 |= 
41.1 — $1.08 | 
— SI bt 1/2 
186, 2 E 75 
54 : 5 Di. of Er LEW 


186.2 Minutes, or 3®, &', and ſo has come to the 
Latitude of 40®, 19 North, and has made of Diffe- 
rence of Longitude 143-80 Minutes, or 2, 23 48” 
Weſterly. 

3. This Method of ſailing, tho' it be not ſtrictly 
true, yet it comes very near the Truth, as will be evi- 
dent, by comparing an Example wrought by this 
Method, with the ſame wrought by the Method de- 
livered in the next Section, which is ſtriftly true; and 
it ferves without any conſiderable Error, in Runnings 
of 450 Miles between the Equator and Parallel of 30 
Degrees; of 300 Miles between that and the Parallel 
of ' 60 Degrees; and of 150 Miles, as far as there is 
any Occaſion, and conſequently . Muſt be LIE 
exact for 24 Hours Rua. 


1 - 
1 * r . — 
= — — 
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— it ĩs plain the Ship has differed her Latitude 


Ho che Meridians do A meer ar th Pals, | 
and the Pgrallels to the Equator do con- 


1 * decreaſe, and that in Proportion to the Co- 
= - 2 of their Latitudes ; yet in old Sea Charts the 
N 


Eos, Lo AR nt. + ERS 
Py 2.4 


„ 


* 


X. 0 1 ; k , | dr | 


to the 
any Par 


cular to A C, and B & perpen- A 


Point B: Draw DE the Tangent 


$2. VIII. that any Arch of a Pa- C G D. 


* . 
arallel to one another, and 
conſequently the Parallels of Latitude made equal 
ator, and fo a Degree of Longitude on 
„as large as a Degree on the Equator 
alſo in theſe Charts the Degrees of Latitude were 
ſtill repreſented. (as they are in themſelves) equal to 
each other and: to thoſe of the Eguator. By theſe 
means the Degrees of Longitude being increaſed be- 


yond their juſt Proportion, and the more ſo tlie 


nearer they approach the Pole; the Degrees of La- 


titude at the ſame time remaining the ſame, tis evi- 


dent Places muſt be very erroneouſly marked down 
upon theſe Charts, with reſpect to their Latitude and 
Longitude, and conſequently their bearing from one 
another very falſe. 0 ke hi 

2. To remedy this Inconvenience, ſo as ſtill to 
ww the Meridians parallel, *cis plain' we muſt pro- 
tract, or lengthen, the Degrees of Latitude in the 
fame. Proportion as thoſe of Longitude are, that fo 


the Proportion in Eaſting and Weſting, may be the 


ſame with that of Southing and Northing, and conſe- 
quently the Bearings of Places from one another, be 
the ſame upon the Chart as upon the Globe itſelt. 

g. In the annexed Scheme let ABD be a Quadrant 
of a Meridian, A the Pole, D a Point on the Equator, 
AC half the Axis, B any Point upon the Meridian. 
from which draw B F perpendi- AE 


dicular to C D; then BG will be 
the Sine, and BF or CG the Co- F 
ſine of BD the Latitude of the | 


and C E Secant of the Arch BDO. 
It has been demonſtrated” in 


; 


K & ths. a Dd. 4 


rallel, is to the like Arch of the Equatcr, as the CM ,n | 
of the Latitude of that Parallel is to Radius; ts any , 
Arch as a Minute on the Parallel deſeribed hy the 
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Point B, will be to a Minute on the HανEur, as BF 
or CG is to CD; bur ſince the Triangles C G B, CBE 
are ſimilar, therefore (by Art. 7g. Sed. I.) CG willbe \ 
to CD as CB is-to CE, i. c. the Co- fine of any t 
Parallel is to Radius as (Radius is to the Secant of f 
the Latitude of that Parallel; but it has been jut 0 
now ſhown, that the Co- ſine of any Parallel is to b 
Radiut, as the Length of any Arch as a Minute on is 
that Parallel, is to the Length of the like Arch on tt 
the Equator : Therefore the 3 any Arch as a m 
Minute on any Parallel, is to the Length of the like 1 
Arch on the Egquator, as Radius is to the Secant of the 
Latitude of that Parallel; and ſo the Length of any 
Arch, as a Minute on the Equator, is longer than the 
like Arch of any Parallel in the ſame Pr As 
the decant of the Latitude of that Parallel is to Radius. 
But fince in this Projection the Meridians are paral- 
lel, and conſequently each Parallel of Latitude equal 
0 the Equator, tis plain the Length of any Arch, as a 
Minute on any Parallel, is increaſed beyond it's juſt 
Proportion, at ſuch Rate as the Secant of the Lati- 
tude of that Parallel is greater than Radius; and there- 
fore to keep up the Proportion of Northing and South- 
ing, to that of Eaſting and -Weſting, upon this Chart, 
as it is upon the Globe itſelf, the Length of a Minute 
upon the Meridian at any Parallel, muſt alſo be in- 
ereaſed beyond it's juſt Proportion at the fame rate, 
1. e. as the Secant of the Latitude of that Parallel is 
greater than Radius. Thus to find the Length of a 
Minute upon the Meridian at the Latitude 75D _— 
gtees, ſince a Minute of a Meridian is every whe 
equal on the Globe, and alſo equal to a Minute u 
the Equator, let it be repreſented by Unity; pe 
making it As Radius is to the Secant of 75 Degrees, 
So is Unity to-a fourth Number, which is 3 864 
3 and conſequently by whatever Line you re- 
_ «preſent one Minute on the Equator of this Chart, the 
95 ag .of one Minute on the enlarged Meridian * 
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tha e of 75 5 ees, or the Diſtance between 
the Parallel of 75 ” and the Parallel of 759, o1!, 
will be equal to 3 Fl theſe Lines,' and TVS of one of 
them. By making the fame Proportion it will be 
found, that the Length of a Minpte on the Meridian 
of his Chart at the Parallel of 609, or the Diſtance 
between the Paralle] of 609, oo, and that of 605, or! 
is equal to 2 of theſe Lines. After the ſame manner, 
the Length of a Minute on the enlarged Meridian, 
| may be found at any Latitude; and conſequently be- 


of every intermediate Minute, between that and Ty 
Parallel, the Sum of all theſe ſhall be the Length of 
a Meridian intercepted between the Eguator and that 
Parallel; and the Diſtance of each Degree and Minute 
of Latitude, from the Equator upon the Meridian of 
this Chart, computed in Minutes of the Equator, 
— what is commonly called a Table of Meridional 
"1; 

If the Arch BD repreſent the Latitude of any 
Point B, then (CD being Radius) C E will be the 
Secant of that Latitude; but it has been ſhown above, 
that Radius is to the Secant of any Latitude, as the 
Length of a Minute upon the Equator, is to the 
Length of a Minute on the Meridian of this Chart at 
that Latitude; therefore CD is to C E, as the Length 
of a Minute on the Eguator is to the Length of a 
Minute upon the Meridian, at the Latitude of the 
Point B. Conſequently if the Radius CD be taken 
equal to the Length of a Minute upon the Zquator 
CE, or the Secant of the Latitude, will be equal to 
the Length of a Minute upon the' Meridian at that 
Latitude. Therefore, in general, if the Length of a 
Minute upon the Equator be made Radius, the Length 
vi a Minute upon the enlarged Meridian will be every 
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ginning at the Equator, and computing the Length 


where equal to the Secant of the Arch contained bee 
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Cor. 1. Hence it follows, ſince the Length of every 
intermediate Minute between the Equator. and any 
Parallel, is equal-to the Secant of the Latitude (the 
Radius being equal to a Minute upon the Equator) the 
Sum of all theſe Lengths, or the Diſtance of that 
Parallel on the enlarged Meridian from the Equator, 
will be equal to the Sum of all the Secants, to every 
Minute contained between it and the Equator. 

2, Conſequently the Diſtance between any two 
Parallels on the ſame Side of the Equator, is equal to 
the Difference of the Sums of all the Secants contain- 
ed between the Equator and each Parallel, and the 
Niſtance between any two Parallels on contrary Sides 
of the Equator, 1s equal to the Sum of the Sums of 
all the Secants contained between the Equator and 
each Parallel. | 

4. There is annexed to the End of this Section, a 
Table of Meridional Parts, for every Degree and 
Minute of Latitude, in which you may obſerve that 
the top Column contains the Degrees, and the left 
hand ſide Column the Minutes, the other Columns 
contain the Meridional Parts anſwering to each De- 

ree and Minute, or the Diſtance of each Degree 
and Minute of Latitude in this Chart from the Equa- (t] 
tor, counted in Minutes of the Equator. Thus for ſet 
the Latitude of 63, 20”, I look in the top Column * 
ſor 63, and in the left hand fide Column for 20!, wil 
and in the Column under 63? and on the ſame Line WF ſet. 
with 20”, I find the Number 4949.3, which is the pa 
Meridional Parts for the Parallel of 639, 20!, or it * 
ſhows that the Part of the enlarged Meridian, which = 
is intercepted between the Equator and the Parallel of ¶ _ 
63 20/, contains 4949.3 Minutes of the Equater, 
whereas upon the Globe it contains only 3800. In 
this Table you may likewiſe obſerve, that the Meri- 
dional Parts are computed only to one Place of Deci- 
mals, which is ſufficiently exact for all common Pur- 
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5. By theſe Tables may be conſtructed the nauti- 
cal Chart, commonly called Mercator's Chart. Thus, 
for Example; let it be required to make a Chart that 
ſnall commence at the Eguator, and reach to the Pa- 
rallel of 60 Degrees, and ſhall contain 80 Degrees of 
Longitude. oY : 
Draw the Line E Q repreſenting the Equator; (ſee ' 
Plate 1.) then take from any convenient Line of equal 
Parts, 4800 (the Number of Minutes contained in 80 ] 
Degrees) which ſet off from E to Q, and this will 
determine the Breadth of the Chart. 1 

Divide the Line E Q into eight equal Parts, in the 
Points 10, 20, 30, Cc. each containing 10 Degrees, 
and each of theſe divided into 10 equal Parts will give 
the ſingle Degrees upon the Equator; then thro the 
Points E, 10, 20, &c. drawing Lines perpendicular 
to EQ; theſe ſhall be Meridians. 

From the Scale of equal Parts take 4527.4 (the 
Meridional Parts anſwering to 60 Degrees) and ſet 
that off from E to A and from Q to B, and join AB; 
then this Line will repreſent the Parallel of 60, and 
will determine the Length of the Chart. | 

Again, from the Scale of equal Parts take 603.1, 
(the Meridional Parts anſwering to 10 Degrees) and 
ſet that off from E to 10 on the Line E A, and thro' 
the Point 10 draw 10, 10, parallel to E Q, and this 
will be the Parallel of 10 Degrees. The tame Way 
ſetting off from E on the Line E A, the Meridional 
Parts anſwering to each Degree, Sc. of Latitude, 
and through the ſeveral Points drawing Lines parallel 
to EQ, we ſhall have the ſeveral Parallels of Lati- 
tude, er 57 

If the Chart does not commence from the Eguator, 
but is only to ſerve for a certain Diſtance on tne A 
ridian, between two given Parallels on the ſame Side 
of the Equetor ; then the Meridians are to be drawn 
as in the laſt Example, and for the Parallels of Lati- 
tude you are to proceed thus; viz. from the Meri- 
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your Chart is finiſhed. 


your Chart, ſubtract the Meridional Parts anſwering 
to the leaſt Latitude, atid fet off the Differences 
ſeverally, from the Parallel of leaſt Latitude, upon 
the two extream Meridiaus, and the Lines joining 
theſe Points of the Meridians ſhall repreſent the ſeve- 
ral Parallels upon your Chart. e 

Thus let it be required to draw & Chart that ſhall 
ſerve from the Latitude of 20 Degrees North, to 60 


Degrees North, and that ſhall contain 86 Degrees of 


Longitude. We, a 
Having drawn the Line DC to repreſent the Paral- 


tt] of 20 Degttes (ſee Plate 1.) and the Meridian to 


it, as in the foregoing Example; ſet off 864.3 (the 
Difference between the Meridional Parts anſwering to 
go Degrees, and thoſe of 20 Degrees) from D to 30, 
and from C to 30; then join the Points 30 and 30 
with a right Line, and that ſhall be the Paru/kl of 30. 
Allo ſet off 1397.6 (the Difference between the Me- 
ridional Parts anſwering to 40 Degrees, and thoſe of 


20 Degrees) from D to 40, and from C to 40, and 


joining the Points 40 and 40 with a right line, that 


ſhall be the Parallel of 40. And proceeding after 


the ſame Way, we may draw as many of the inter- 
mediate Parallels as we have Occaſion for. ; 
But if the two Parallels of Latitude that bound the 


Chart, are on the contrary Sides of the Equator; then 


draw a Line repreſenting the Equator and Meridian, 
ro it, as in the firſt Example; and from the Eguator 
ſet off on each Side of it the ſeveral Parallels contain- 
ed between it and the given Parallels as above, and 


If Mercator Chart, conſtructed as above, hath it's 


Equator extended on each Side of the Point E 180 
Degrees, and if the ſeveral Places on the Surface of 


"the Earth, be there laid down according to cheir La- 
-_ fitudes and I. ongitudes, we ſhall have what is com- 
maonly called Mercatvr's Map of che Earth. This 


Map 


P 


Sr ow 


not to be conſidered as a ſimilar and juſt Re- 
preſentation of the Earth's Surface, for in it the Fi- 


Map is 


gures of Countries are diſtorted, eſpecially near the 
Poles; but ſince the Degrees of Latitude are every 
where increaſed in the ſame ion as thoſe of 
Longitude are, . the Bearings | 
be the ſame in this Chart as on the Globe, and the 


Proportions between the Latitudes, Longitudes, and 


nautical Diſtances, will alſo be the ſame on this Chart, 
as on the Globe itſelf; by which means 'the ſeveral 
Caſes of Navigation are ſolved after a moſt eaſy man- 
ner, and adapted to the meaneſt Capacities. 

N. B. Here you muſt take Notice, that in all Charts, 
the upper Part is the North Side, and the lower Part 


or Bottom is the South Side; alſo that Part of it to- 
wards the right Hand is the Eaſt, and that towards 


the left Hand the V Side of the Chart. 

6. Since according to this. Projection, the Meridians 
are parallel right Lines; tis plain, that the Rumbs 
which form always equal Angl 
will be ſtreight Lines; which Property renders this 
Projection of the Earth's Surface much more-eafy and 
proper for nautical Uſes than any other. r 
7. This Method of projecti 
upon a Plain, was firſt invented by Mr Edv. fe 
but firſt publiſhed by Mercator ; and hence the failing 
by the Chart was called Mercator's Sailing. 

8. In the annexed Scheme, let A and E repreſent 
two Places upon Mercator*s Chart, A C the Meridian 


of A, and CE the Parallel of Latitude paſſing thro* - 


E; draw AE, and ſet off upon AC the Length AB 


equal to the Number of Minutes contained in the 


Difference of Latitude. between the two Places, and 


. taken from the ſame Scale of equal Parts the Chart 
was made by; or from the 


Equator, or f duated 
Parallel of the Chart, and thre? B, draw BD parallel 


to CE meeting A E in D. Then AC will be che n. 
larged Difference of _— B the proper * — 
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the Earth's Surface 
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33 Arcators Sailing. INT: 
of Latitude, CE the Difference of Longitude,” B D the 
. A . ae _— Ns" "and " 17 the 


proper Diſtance, between the two Places A and E; 
alſo the Angle BAD will be the Courſe, and A E the 
Rumb Line between them. 

9. Now ſince in the Triangle ACE, B D is pa- 
rallel to one of it's Sides CE; *tis plain the Triangles 
ACE, AB D will be ſimilar, and conſequently the 
Sides proportional (by Art. 73. Sect. 1.) Hence ariſe 


the Solutions of the ſeveral 1 in this HR, which 


are as follow. 


CASE 1, 


The Latitudes of two Places given, to find the neri- 


dional or enlarged Difference of Latitude between 0 


Of this Caſe there are three Variation, VIZ. Kiter 
one of the Places lies on the Eguator, or both on the 
ſame Aide oi it; or Wc on dif rent an 1 


1, If 


5 Fan 


0 
] 
] 
: 
I 


er 
he 


*. inn n * 
\ | | Y, 


AF Terr cas hy 


I. If one of the propoſed Places lies on the Equator, 
then the meridional Difference of Latitude, is the ſame 


with the Latitude of the other Place, taken from the 


Table of meridional Parts. 


Rranpl. 


Required the meridional Difference of Latitude be- 
tween St Thomas, lying « on the Equator, and St Antonio 
in the Latitude of 179, 20“ North. I look in the 
following Table for the meridional Parts anſwering 
to 179, 20!, and find it to be 1056.2, the inlarged 
Difference of Latitude required. 

2. If the two propoſed Places be on the ſame Side 
of the Equator, then the meridional Difference of 
Latitude is found by ſubtracting the meridional 
Parts anſwering to the leaſt Latitude from thoſe: 
anſwering to the greateſt, and the Difference 1 is that - 
required. 


Example. 


Required the meridional Difference of Latitude 
between the Lizard in the Latitude of 50%, o“ 


North, and Antigua, 1 in the Latitude of 17%, 30 
North. by 


From the meridional Parts of - . o 2374 5 
ſubtract the meridional Parts of 170, zo - 1066.7 


there remains — = =, 2407.8 
the meridional Difference of Latitude required, 


2. If the Places lie on different Sides of the Equator, 
2 the meridional Difference of Latitude is found 
by adding together the meridional Parts anſwering to 
een ON; and the Sum is that required. 
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Req wired the meridional Difference of Latitude 
romp Antigua, in the Latitude of 17*, 30! North, 


and Lima, in Peru, in the — of 129, 300 
South. b 


To the merid. nn 17 zo! x066.7 


add theſe anſwering to - „ 30% 756.1 


the Sum is - = = 1822.8 
the meridional 9 of Latitude Oy 


c A 88 
The Latitudes and 


Example. | 
Required to find the direct Courſe and Diſtance be. 
tween the Lizard, in the Latitude of 30 oo 


North, and Port Royal in Jamaica, in the Lati- 
tude of 17, 400, differing in e o, 46, 


Port-Royal 'ying ſo far to * 1 the Liz- 


Preparation. NE 


. — 
\ \ 


Fw che 1 .“ 
ſubtract the Latitude of ert 9 - 175, 40 


l chere tems — 
anal to 1540 Ihe the proper pierce 


| — 


itude, ; 


Longitudes of tewa "7 given, to 
find the direct Courſe and Diſtance between them. 


{Ct bf obs res res 


: a #, 4. 2 7 * . 
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ee alin. ig 
| Then from the meridional Parts of 50e, oo 3454.5 
ſubtract thoſe of - - 19, 40 10772 


* 1 
1 9 


4 and 'thete remains - 8 2 3 8 2397.3 

0 the meridional or inlarged Differenee of Longitude. 

” Draw the Line A C repreſenting the Merian of 

$ the Lizard at A, and ſet off from A, upon that Line, | 

g AE equal to 1940 (from any Scale of equal Parts) 
the proper Difference of Latitude, alſo A C equal to ' 

| - : £ "5 | | 

to | 

e- - 

05 

mi- 

9 2 397.3 from the ſame Scale) the meridional or in 


larged Difference of Latitude. Upon the Point C 
raiſe C B perpendicular to A C, and make C B equal 
YN to 4246, the Minutes of Difference of Longitude. . 

oo! Join A B, and thro? E draw E U parallel to BC; 
0 ſo the Caſe is conſtructed, and AD applied to the 

hs fame Scale of equal Parts the other . Ne taken 

from, will give the ditect Diſtance, and the Angle 

* | DAE meafared by the. Line of Chords will give 
: the Courſe \ wget 88 neten OA | N ; 
hen * N A | | ; ; 575585 | i By IS. 


bh x: 5 8. : % "IS 2 
9 7 - ) "A, þ P 
” ” * * | * . er 12 * 
236 * 2 18 
N 5 , l ' 1 


7 * 
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'Ca 7 1 y * 194 o b 
tion, by " \ . 7 " 
3 2891 4 $:4/ 


For the FR of the Courſe E A D, it will be, by 
| Caſe 4. of Refangular Trigonometry, 0 bath 


Ac: CB::R: T, BAC, i. e. 


As the meridional Diff. of Lat. 2397- 3 3.37970 
is to the Difference of LONG: - - $2460 3.62798 
ſo is Radius - - - - = . 10,00000 
to the Tang. of the direct Courle 609, 33' 10. 34908 | 


which, becauſe Port-Royal is Southward of the Li- 

zard, and the Difference of Longitude Weſterly, 
will be South 600 „33“ Weſt, or S WSW. Weſt 
nearly. a 


Then for the Diſtance A D, it will be, * Caſe 2. 
_ of Reftangular Trigonometry, 


R: AE: : Sec. A: AD, i. e. 


As the Radius - - - = = - 10.00000 
is to the proper Diff. of Lat. 1940 - 3.28780 
ſo is the Secant of the Courſe - - 669, 33! 10. 30833 
to the Diſtance - - - - 3945.6 - 3.59613 


conſequently the dire& Courſe between the Lizard, 
and Port- Royal in Jamaica, is 255 50's 3 3's . and the 
Diftanee 3945-0 Moles. Sl | | 
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Suppoſe a Ship from the 1 in i the Latitude of 
50® „oo“ North, fails South 352, 40! Weſt. 156 
Miles. Required the Latitude come to, and how 
man 0 ſhe has altered he LOGON; 


* 


G cometrically. 


1. Draw the Line BK ITY the Meridian —4 


of the Lizard at B; from B draw the Line B M, 
making with B K an Angle equal to 35, 40% and 


upon this Line ſer off B M alles to 156 ae, | 


' Diſtance, and from M let fall the Perpendiculas * 

upon BK. 2 
Then for B K the proper Difference of Latitude, * | 

will be, as Caſe 3 3. of Refangular 7 emen, ; 


8 R: MB: :'S, BMK: BK, 


2 * 
2 ; ” * 8 


* 4E. ik Rin © —— — wy *16.00000 8 
is to the Diſtance „ NE * 


D " * © 
N n 4 
N 7 
1 bat * 


 Mereator's Ceiling. 


288 
u che proper Difference of Lat. 127 -* 2.10290 


North Latitude towards the South, therefore che La- 
titude come to will be 479, 53! North. Hence the 
meridional Difference of Latte will be 193.4. 


- throe' D Draw DL parallel to M K, meeting DM 
5 produced in L; then DL. will be che Difference of 
=  .Longitude: to find which by Calculation, it will be, 

by Caſe 1. of Refangular Trigonometry.. 


R:BD::T, LBD:DL, 


i. e. As Radius — 10. 00000 
is to the meridional Diff. of Lat. 1934 2.28646 
ſo is the Tangent of the Courſe 33, 40 9.85594 


the 9 has made Weſteriy. 


CASE 4. 


Given, C = and both Latitudes, wiz. the Latitude 
ſailed from, and the Latitude come to, to find the Di- 


| Cortes 2 520 


| | 8 Example. 
| Suppoſe a Ship i in the Latitude of 34, 20! North, 


ſails South 33%, 45 Eaſt, till by: Obſervation ſhe's - 


| | found to be in = Latitude of 51%, 45! North. Re- 


ſo is the "ey of the Courſe 25%, 40 29g 


equal to 29, 07 ; and fince the Ship i 1s filing from a 


2. Produce B K to D, till B D be equal to 193.4; 


to Minutes of Diff. of Long. 1 38. 8 . 14240 


equal to 29, 18/, 4811 the Difference of Longitude | 


| quired the Diſtance ſalled, and the Differenee of Lon- 2A 


dicular to AG; alſo draw A K 


5 ö 9 —_— V 7 l * 9 . * « 
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— 5 0” 1 
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0 U 5 " f * * 0 * 7 8 
= . % * # n 4 0 7 vw 
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Draw A B, to repreſent the Meridian of the Ship in 
the firſt Latirude, and gb 4 from A to B 155. the 
Minutes of the pr e- | 
rence of Latirade, alſo AG N 5 
equal to 257.9 the Minutes of | 
the inlarged Difference of La- 
titude. Theo B and G, _ 
the Lines BC and GK per 


making with AG an Angle! 
of 33 45 which will meet the _ | | 1 
two former Lines in the Points 34. S 
C.and K; ſo the Caſe is con- bi © 

ſtrufted, and A C and GK © 


may be found from the Line af equal Pare, wo find F 


which 
By Calulation: 


Firſt, For the Difference of Longitude i it will be, 
by Caſe 1. Rectungular Frigonometry,  - 


R:AG::T, GAK: Gk, 


i. e. As Radius — - » 10:00000 
is to the inlarged Diff. of Lat. - 257: 9 - 2.41145 
ſo is che Tang. of the Courſe 33% 4 9.82489 
to Min. of Diff. of Longitude 172.9 2.23634 
equal to 2, 627, 18%, the Difference of Ee | 
the Ship has made Eaſterly. = x 


This might alſo have been FED 72 firſt finding 


the Departure B C (by Caſe 2. of Plain Saitag). and. 


then (by Art. 74- — 1 it would be 
. 
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Then for the dire Diſtance AC, ie vibe by 
Caſe 2. + 4 — Ti emen, 


R. AB; e Ac 25 1 


A Radius A ee 
I to the proper Diff. of Lat. 155. - 2.19033 
= - fois the Secant of the * 33 450 10.0801 5 
«i to the direct Diſtance - - - 136.4 2. 27045 | 
1 | 


conſequently the Ship ls failed South 330, 1 Eaſt, 


186.4 Miles, and has differed her Longirude 15 


32, 18 / Eaſterly. 


* * va 


CASE 5.7 


- 


Bob Lada and Diſtance failed, given, 48 fd 
the direct Courſe, and | Difference of | Longitude. 


e 2 N 5 4 - 5 
| e 
Suppoſe a Ship Gow the CES ofj 4605 267 
North, ſails — 4 North and Eaſt 195 Miles, and 
then by Obſervation ſhe's found to be 1 the Latitude 
of 48 6! North, Required the direct a and 


Ow oy 1 N 


. o e 


p AB . to· 160 the proper Difference of 
Latitode, and from the Point B raiſe the Perpendi- $ 
cular BD; then: take. 195 in c 
your Compaſſes, and ſetting  * 
one Foot of them in A, With 
the other croſs the Line BD B 
in D. Produce AB till AC 
be equal to 233.6 the inlarg- 
ed Difference of Latitude. 
Thro'. C da CK Parallel 
to B D, meeting A D 
duced in K; ſo the Caſe is 
conſtructed, and the Angle A 
A may be mieaſured by rhe 
Line of Chords, and * K . the Line of equal Parts; 


To fwd Which 


Die. 


0 Colnatin, 


Teſs For the Angle of the Courſe B A D it will 
be Oi 5. of Fragma 7. e 3 
wil 1 $240 1 7510 4 Fe] 
AB R AD Sec. A. 5 pe. 5 To 


As e Diff La 16 - - 2.20412 
to Radius 2 R 10. oo 
b is the Diſtance 7 4 1255 TY 2.29003 * 
o the Secant of the! Courſe! „ 324 = 10.08gg1 
hich becauſe the Ship is * between North and 
faſt, will be North 345 61 Kal, or EN. 1”, 
8 . — 


Then tor the Diskret & Dae it mY { 4. 
ca 1. of r „ 5 3 


ne ” 
® :7 * 
R ” 'R = 
1 
* — 
* 4 * 
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* = GC. 
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| given, to find i La and W ed 


5 


R.: AC:: T. A. CK. 


1e, As Radius 10.0% 0 


15 t0 the merid. Diff. of Lat. ho 23 3.5 - 2.36847 


' ſo is the Tang. of the Courſe. 340, 52/ > | 9:84307 


to Min of Diff. of Longitude 1 62.8 - 2.21154 


a to 29, 42" R 48% 1 W of Longines 


\ 0 A 8. . 7 lors 1 7 3 ; 
One 4 C burſe, and Difference oy Longitude, 


- 
i 
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Ex e 551 U 
Suppoſe a Ship from the Latitude of 480, 50 
North, ſails South 34 40, Weſt, till her Difference 
of Longitude is 2“, a Required the Latitude 
come to, and the Diſtance failed. 


Gemetricaly. 


7 Draw AE to re preſent the Meridian "of che Ship 
in the firſt Latirade, and make the Angle E AG 
ab to 349, 2 obs Angle 
the Courſe ; then draw 
FC parallel to A E. at the 
Diſtance of 164, the Minutes 
of Difference of Longitude, 
Which will meet A C in the 
1 2 * C let a 

E Ferpendicu 
b CE; then AE will, be the 
Pg enlarged Difference of Lati- 
2 tude. To find which, # 
Calculation it will be, by 
e I. 7 Revenge PRs + 
5 


25 


A. 


_— 


tel. 
| 


4 8 9 * *% 

ELL LLL LE EE EALEIEELEYLY 
. 
* * 


Ce] 
N 


ae l, 
T, T* RI E A E. 


. Taag of the Courſe 99, EP EINY 
to the Radius —— — 5 211888088 
is Min of Diff. Longitude - 1 2.21484 


81 


to the inlarged Diff. of Latitude 237.2 — - 2.37500 
and becauſe the Ship N a North Latitude 
Southerly. Therefore, po 
From'the Medid. Patt oll e 5 f 9 

Sas 336695 


the Latitude ſailed from * 

take che rid Difaraf Lande 4 1 200 Wh ate 
of 11 19 IBA. 

and — ; remains TS CP —— — Jens 

46, Meridional Parts of the: Latta come Fwy VIZ. 

4 ogf. W e 


Hence ber he opt Difference n of 1 
From the Latitude failed lem 489, oo N 
take the Latitude come to - 40, a 


and there remains —— 2, 47 
equal to 161, the Minutes of Difference of Latitude. 


2. Set off upon A E the Length AD equal to 161 
the proper Difference of Latitude, and thro' D draw 
DB parallel to C E; then AB will be the direct Di- 
ſtance. To find which, Y Calculation it will be, by 
Caſe 2,- of Refangular 7 rigonometry, 


* AD :: Sec A: AB. 


i. e. As Radius —_ 10. oo 
is to the proper Diff. of Latitude Ws = 2.20683 
lo is the Secant of the Dt - 24% 4D" 10.084889 
to ace 3 19548!, . 29 


o 
o 4% 3 * 0 8 
* 
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An Sailing. - 
CASE: "' © 


vo Latitade, Courſe; and Departure, given," fo 
the. other. Latitude, — ay and. = 


aud. © 
> \ 
=_— 4 1 
. * n 0 F # * 

. . 

p r a 4 F ' 

; k 4 4 „ * 

* 1410 " i 1 - 3 Ex 
„1 7 4 Y AE... 1 6 * 


Su poſe a Ship fails from the Latitude of 3 * 
Long. 42“, 33. Eaſt, *till ſhe has Nite er 
re 116 Required the Latitude ſhe is 

in, her direct Diſtance ſailed, ang how A 0 
theres . 8 b 


1 


3 


1. Having drab the Meridian A B, make the 
n BAD . to 42", 33. Or FD 12221 


. 

- - 1 4 

A 7 , 
OO O 

> 2 . 

| - : 1 
14 | | — 
1 . 
=_ 7 

= Fe: ' 4 

1 | E | 


* % j - - : 
* 1 2 
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to AB at the Diſtance of 116, which will meet AD 


$ 
_—_ 
5 
+ 
' by 
% 
„ 
2 
"bg 


; in D. Let fall upon AB the Pe erpendicular DB. 
N Then AB will be the proper Difrene of Laude 


„ — 4 


| Caſe 2. of Rectangular Trigonometry,. - 


e. , 
8 "x" 8 


and AD the dire& Diſtance, to find which, 


culation; firſt, for the Diſtance AD ir wil 


8, A:BD::R: AD. 


1. e. As the Sine of the Courſe 429, 37 9. 83010 


T4 | 


4 Ci 
* = = * 
2 * 
- E 
4 4 
9 >» 
* 
- zo 
#1 


* Mane Sailing. : 245 


is to the Departure 116 2.06446 


ſo is Radius > io 19.00000 


to the direct Diſtance - - - 171.5 = 2.23436 
Then for the proper Difference of Latitude it will 


be 72 Caſe 1. of Refangular 2 ng, | 
I. A: BD: : R: AB. 


1. e. As the Tang. of the Courſe 420, 33! 9.96281 


is to the Departure - - 116 - 2.06446 
ſo is Radius 


. 126.4 2.10165 
equal to 2, 6“, Pony meu has come to the 
0 


185 of 529, 30! North, and ſo the meriodinal 
Difference of Latitude will be 212.2, 


2. Produce A B to E, till AE bee ual to 212.23 
and through E draw EC lel to B D, meeting 


AD produced in O; then E C will be the Difference _Y 
of Longitude, to find which, by Calculation it will be, 


þ ph U. * @ Nau Tr Tgonometry, 
[> n AE; A! EC. 


ſo is the Tang. of the Courſe - 42 431 9.96281 
to the Min. of Diff. of Longitude 194.8 228956 


10. 00000 


1 As Radius | Inga 2b eg. N. 10.00000 
is to the merid. Diff. of Latitude 212.2 5, 2.32675 


iden to 3 I, ff the Villerence I 0 


ay. 


Ac 8 5 45 
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$, 3.24 8 NF? 10 i 5 W 
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F 
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7 q * : Ln. 4 * 5 * - * ? — | * , — 
1 * * . * ? WEE. <3 " 5 
= : * 


F4 fi * 


e Aber dee. 


This might have been found ;otherwiſe, This, be- be. 


cauſe the Trangles A CE. ADB e 


bore . 73: Se. I.) it vill be, 9 


AB: BD: {0 E: EC. 


i. e. As he proper Diff. of Latitude 126.4 240165 
is to the Departure 115 2.06446 
ſo is the inlarged Diff. of Latitude 212.2 2,32675 
to Min. Diff. of Longitude - =-+« 194.8 2:28956 


CASE 8. 


Both Latitudes and Departure given, #0 jus Cow 7 
ii and Difference. of Longitude. . 


. A Ship from the Latitude of 469, 20/ N. 
fails between the South and Weſt, till ſne has made e 
Departure 126.4 Miles; and is 7 1 found hy Obſer- 
vation to be in the Latitude of 439,35! North. Re- 
quired the Courſe and Diſtance a, NES: 
of . 


On 


Grometricaly. | : r yo foe at ne 
| | ** 2180 CE 
Draw AK to repreſent the Meridian of tha Ship in 


A her firſt Latitude, ene 
| on it AC, equal to 165, 


raw BC perpendicular to 


re, and join 2 oor 
e A, XK equal 
5 the inlatged — berics 
C 


itude, ST thro? K draw 
raltel to BC, meetings 
A B produced i in . 2 the C * is conſtrutted, * 


* * 4 


roper Diffcredice of Lattude, . 


e e eee wa. : 


NY equal to:126.4 the De- 


"+. «+ a a. pon We, * © COT 


e eee, * 
*Y Dx © vil be the Difference of 1 ade. AB M * Þ 
- 7 8 | 
* 2 and the og A D * 1 i | 
| | 
| By Calculation 
8 Fir 2 DK the Difference N eee i will 
6 be, 0 y rt 73- Ser. 1) Na I 
F AC:CB::AK:KD. DAY 
i. e. As the proper Diff. of Latitude 165 2.21748 | 
, is to the Departure - - - - - 126.4 2.10175 
ſo is the inlarged Diff, of Latitude 233.3 2.3639 1 
to Min. of 5 of Longitude - 178.7 2.25248 | 
| equal to 20, 242, [non Tag Longing _ 
| Your | 
J. ; a by 11 280 
K 9 
[- Then for the Courſe it 8 be, (by Caſe 4. 1 Reck > 
- angular Trigonometry) J — i 
0 


AC; 507 R Jade aa 


1. e. * * erte drr 5 Latitude * be 2 115 


Departure —— 3 
Tn . = 2001 — 
to the Tangent 'of © the Courſe 37, 27 9. 88 7 
which, becauſe e fails between South and Weſt, 
will be 55 „%% Weſt, or; V3 
e tb 5 3 


205 15 the 1 AB, ir will e ace! 
} Revargdlar melken, 107-17 2h; * 1 ot | 


1 
N Mo { 3lgaA. 4839 
8, A: :BC::R: AB. canned: 


NATE 4882789 83 8 


"Hh R 4 : n 1. . 


_ F 
_—_——_— WOES > nr >> IIS 
= - 


—  — — 
- 
- 


rr 
— ‚u⁵—m.— — 
* * 


N * 10 COPE. 
e 
2 1 
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I. e. As the Sine of the Courſe 37%, Toh: - 9. 76395 
is to the Departure — — 126.4 - 2.10176 
ſo is Radius ' - - - - + 10.000000 
to the direct Diſtance - - - 207.9 - 2.31780 


CASE g. 


One Latitude, Diſtance ſailed, and Departure; piven, 
10 — the other Latitude, Difference 2 Longitude, and 
Courſe. 


Example; 


poſe a Ship in the Latitude of 480, 33 ; North, | 
Pn _—_ South and Eaſt 138 Miles, and has 
then made of Departure 112.6. Required the Lati- 
tude come to, the dire& Courſe, and Difference of 
Longitude. | 


Geometricall. OY | 

1. Draw BD for the Meridian of the Ship at B, and 
"I parallel to it draw FE, 
at the 2 of 112.6, 


Ro ture. Take 
a dae Diſtance, in 
| . 81 Compaſles, and fix- 
ing one Point of them in 
B, with the other croſs 
the Line FE in the Point 
| ER then join B and E, 
and from E let fall upon B D the Perpendicular ED; 
2 15 B D will be the proper Difference of Latitude, and 
the Angle B, will be e, to find which, E 
Calculation, 


Firſt, 


Z % * 7 ' 
<4 2 1 2 60 — 
- 7 Z x — 
» \ w by 


„ - #* wu. d# 0. 


k ©O QT - 


* 4 * * Pr >. a * 
3 N 
- 2 s 


e Aurcalers 2 8 „ 


Fu, For the. Courſe it will *** (by c 80 of. 
9 * Trigonometry,) Ee 


4 ts BE::R::DE: 8, B. 


1 


e. As the Diſtance _ 138 — - 2,12988- 
is to Radius -' - - - - - - - 10.00000 
ſo is the Departure - 112.6 - 2.05154 
to the Sine of the Courſe - 54®, 41' - 9.91166 


| 
4 which, becauſe the Ship fails between South and 

Eaſt, will be South 54, 41! Eaſt, or SY * 

Eaſterly. _ 

Then for the Difference of Laticude i it will be, 3 

| Caſe 3. of Ae T: me,); | | 
5 mn a. R: BE: : Co-S, B: :BD. 0 © 0 | 
- 7 
f i. e. As e gf - ONT 40.00000 


is to the Diſtance _- I 136 —— 2.13988 
ſo is the Co · ſine of the Courſe 54, * 9.75200 
to the Difference of Latitude 79.8. -- 1.90188 
equal to 1, 19“. Conſequently the Ship has come to 
br Latitude of 47%, 13. Hence ah: meridional 

| Difference of Latitude will be 117. Fo. 0 


2. Produce B to A, till BA be equal to 1 and 
thro? A draw A C parallel to D E, meeting 2 
duced in C; then A C vill be the Difference of Lo 
gitude, to kind which, 1 nene it wall Ws < by 
Art, 73. Self. 1 1 * nein 


BD: DE: BA: AC. 


i. e. As the proper Dif. of Latirude 7 7958 - I. yours. 7 

is to the Departu - - 112,60 - 2.05154 © 

= 5 7 ed Dif of Lattgde 137.7 «070M 

$0 the Diff Longitude - +, 460.65 3:3 4044 
| 9 


A.irect Courſe and * to e 


| 3 For Difference of 


4 bre 4 10 | 
equal to 2, 46, 06 the D ; 
| Ae. | — 


| 2 Win has been ſaid, it will be caſy 
| ſolde a Traverſe according to the Rules of Mercator 
Sailing. 


* . : 
* 2 
* 


Lan. 955 


ä ' Suppoſe a Shipat the Lixard in the Latitude of 305. 
oo North, is bound to the Madeira, in the Latitude 
of 32, 20“ North, the Difference of Longitude, be- 

. tween them, being 11, 400 the Weſt End of the Ma- 
deira, lying ſo much to the Weſtward of the Lizard, 
and conſequently the direct Courſe and Diſtance (by 
Caſe 2. of this Sect.) is South 269, 15! Welt 1181.9 
Miles ; but by reaſon of the Winds ſhe is forced to 
ſail on the following Courſes (Allowance being made 
for Lee-way and Variation, c.) viz. SS W 44 Miles, 
SSW Weſt 36 Miles, SWS. 56 Miles, ud 85 
E 28 Miles. Required the Latitude the Ship is in, 
her Bearing and Diſtance from the Lizard, and her 


_ of theſe Courſes. 


The Geometrical Conſtruftion of this Traverſe, is per- 
— by layng down the two Ports according 
Conſtruction of Caſe 2. of chis Sat. and the ſ 
Courſes and Diſtances according to Caſe 3. by which 
we have the following Solution 9 Calculation; © 


pe . * 2 -T e 
. A j : » 4 = wu £ i 44 
„ = a we 


1. Courſe ss W. D 


” 


„ Es 


44 Miles | 
2A 7.3: 

75 — 5117 OJ © 
| rx Ping DIP): 4 1. 0 a 


3455.7 * 


— 


— F 


ER bang. 22 ths 25 


W 


Sn we Co-ſie of the Courſe 229 30% — 9.96562 
5 to the Diff. of Latitude 40.66 X 1, 60907 


" andLince | the Courſe is South METS Lati- 
-rude come to will be 49®, 20 North, and conſequent- 


Ay the SPE Difference of Latitude vill bo 61,8. 
"Then, 


4 


— 


For Difference of e 
: As Radius: Eo owes & — 10. O0 
is to the inlarged Diff. of Lat - 655 8 _ 1.79099. 
ſo is the Tangent of the Courſe 220 300 9.64722 
to Min. of Diff. of Longitude 25. 6 = - 7.40821 


Wed SSW. Weſt, Diſtance 36 Miles 
| For Difference of Latitude, ; 

— Radios - - - - < "». 6000s 

is to the Diſtance . I - 1 by . 1.55630 

Jo is the Co- ſine of the Courſe 160, 9.98090 

to the Diff. of Latitude We IF - 53720 5 


and ſinee the Courſe is Southerly, therefore the Lati- 
tude come to, will be 48, 4 Hence the meridional 
Difference of Latitude will be 53.4. Then, 8 


For Dilfiderie' cf Tan. 


AS Radius — | . ieee 
is to the 1 [Dif er Lat 5; +, *** 
ſo is the Tang "of the Courſe” 188, % 9.48177 
to the Difference of Lose 16. 95 . 1.20928 


ö TL 
N — - 
A ? {1 ; : {6 3 o 17 81 17 4 3} 72. 17 et * . > 


Lit 


* core w, Piſtance 0 * 
0 0 0 - ©, Difference; Pt. Labs Ai at 2 85 


1 
g ls. * . 
1 * " 
\ * * x . 
. wo " 
= 


—— — — — 
P +5 

- I 

4a 


is to the Diſtan ce 265 - 2 „ 
ſo is the Co- ſine of the Courſe. 110 „4875 9.99187 


py - 
— Cc — — 


* 
* 
= 
1 
I 4 
- 
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262 . 
As Radius WV 2 — _< I 5 ANI. - 10,00000 | 


3s to the Diſtance -  - - >, 14619 
ſo is the Co- ſine of the Courte FA 8 4 ot 91985 | 
to the Difference of Latitude 4 


- conſequently the Latitude come to is 47, * 57 „and 
' therefore the inlarged Difference of Latitude wlll be 


- 66804 


69.2. Then W 1 
Fo or Difference of Longitade 
As Radius - =-_ - tY0.00000 


3s to the inlarged Diff, of Lat. - - 69.2 - 1.84011 
' is the Tang. of the Courſe 330, 45' 9.82489 


to the Difference of NT 40.24 = 1.66500 | 1 


277 Courſe 8 5E, Diſtance 28 3 Mies 575 


F or Difference of W 28 1 


As Radius „„ up. ACE 


to the Difference of Latitude 27.46 ki 1.43873 . 

conſequently the Latitude come to will be ke 31 il {f 

and hence the meridional MES of Latitude will Y «© 

be 43. 2. Then 10 1 85 10 28189 8 E 

| For Difference of. Lee, 5 5 

As Radius 5 wy to. 8 T 
is to the inlarged Difference ph; Lat. 43. 950 4:63548 

ſo is the Tang. of the Courſe 11%, 15 9:29866 

| n Diff. of Longitude 8 8.59 0.93414 As 

5 Now theſe ſeveral Courſes and Diſtances, together I 

| "with the Difference of Latitude and Longitude belong- 5 

ing to each of them, being ſet down in their proper 1 


* in the Traverſe Table, will ſtand as follow. 
Rena 


— Mereator's 2 Wy 


I EVI 
8 8 EIA = — 40.05 
5 "1 *$3W : Weſt 35 — 31 * 
4 S WIS 95 — 46.56 
ad n 27.46 
de | 4 Narr 4 8 — — — — 
r 5 . 149.13 
R 25 216 c Saeed 
4 "In © © Diff. of Long. 79-44" 
„Hence it is plain that the Ship has made of -South-» 


* ing 1 49-13 Minytes, and conſequently has come to 
8 the Latitude of 40, 31 North, and fo the metidi- 
nal Difference of Latitude between that and her firſt 
| Latitude will be 226.1; and fince ſhe has made of 
Difference of Longitude 79.44 Minutes Wefterly ; 
4: | rhereigre for che direct Courſe and Diſtance between 
- te _— _ the Ship it will be, (by * 2. ** this 


. | Fir as dire Courſe, 
Jude mend. Diff. of Latitude 2261 - 2. 2.38430 | 


© 19 „ 
8 


is to Radius — ene 
ſo is the Difference of Lo rude 79-44 - 19000 
to the Tang. of the Courſe 192, 22' 9.54574 


which, becauſe the Difference of Latitude is Souther- 
ly, and the Difference of Longitude Weſterly, will 
be Sourh 19 "NPY Welt, or S W 89, 8 85 


21 Then - 3 ; "36151 G 
86 | bw : For the dine Diſtance, 3 
5% | as Radus 1 2 7. ro96p06\.,. 


is to the proper Diff. of Lal. 149-13 = 2.17349". 
_ {o is the Secant of bn 19% 22“ - 10.0330 
to the direct Diſtance - 158, - -* 2.19899 _ 
roper | | From 


Nan 


are Sp i 


3 — —— _— 


equal to 911 Minutes, the proper Difference of Lati- 
tude between the Ship and the Madeira, + 


Again, from the mend. Parts anſwering KEDS 
nee 87 2484 
Take the meridional Pats anſwering to _ 
the Latitude of the Mageira - - 4 n 

and there remains iter | N 6 2 1196.4 
the inlarged Difference of Latitude between the 9 IM 
and the Madeira. EL 


- Alſo, from the Diff. of Long: : 
" tween the Liz. and the Madeira E. 
Take. the Difference of Long. 
tween the Lizard and the Ship - 


and there remains  "F.a- 


equal to 620.56 Min. of Difference of Longitude be- 
tween the Ship and the Madeira ec rg 


Then for che direct Courſe 1 Diſtance betweknahs: 
Ship and the Madeira, col nag 11 #4 48 


- 4044 1 
= - * 


For the direct Courſe, 124 Sha 


As the merid. Diff. of Latitude 3196.4. : 307788” 


is to Radius — * - = 10.00080, 
ſo is the Difference of Loagitude 40 56 + 'Þ 79278 


to the Tang. of che Courle - 27 9, 25 — 7 


— 


For the direct Diſtance. 
A. Raue - - — n 
2 2 B of Lade 911 1 


- 


= 
x; 92 4 


* a — 
A _ * * 


5 F 259, 2 20) 
. ee as Res TOP — 3.0 


| koning at Sea, to find the Difference of Latitude and 


Latitude made good that Day; from thence. (by Caſe 


. Parallels ;- — therefore I have choſen in the laſt Ex- 


the Sum of which muſt be the true Difference of Lon- 


| conſtruct - a »Mercator's Chart, and now we ſhall pro- 
cC.ced 1 Uſes ; contained in the I 
Bd P rablems. f 
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4 


10, It is very common in 3 a Day's Recs 


Departure to each Courſe and Diſtance, and adding 
all the Departures together, and all the Differences oi 
Latitudes for the whole Departure and Difference af 


8. of this Sed ion) to find the Difference of Longitude, 
Sc. made good that Day. Now that this Method 
is falſe, will evidently appear, if we conſider that the 
ſame Departure reckoned on two different Parallels 
will give unequal Differences of Longitude; and con- 
ſequently, when ſeveral Departures are compounded 
and reckoned on the ſame Parallel, the Dif- 
rence of N reſulting from that, cannot be 
thei ſame with the Sum of the Differences of Longi- 
tude reſulting from the ſeveral Departures on different 


ample of a Traverſe, to find the Difference of Longi- 
tude anſwering to each particular Courſe and Diſtance, 


gitude made good by che Ship on theſe ſeveral Courſes =_ 
and Diſtances. 172 : 
AI. We ſhewed at rt. 5; ans; this Seftion, , to 


Prob. 1 Let it be required to lay a Place 
upon * Chart;. it's Latitude, and the Difference of 
Longitude between it, and ſome known Place upon 


the Obart being given. 


Example. Let ene Place be the Lizard 1 
ing on the Parallel of 50°, oo! North, and the Place: Þ 
to be laid down Sr Katherines, on the Eaſt Coaſt of 
America, differing in Longitude from the Biaard, 
46 F 30 lying ſo much N of it. = ES 2 

BY 


- 


. WS "YT IO 
Let L repreſet? the Lizard on the chen (ſts i 


— _— _—_ — — 


Areas, Sailing. 


Plate 1.) lying on the Parallel of 6 bon, oo' North, it's 
Meridian A E. Set off from 
EQ 429, 36, towards Q: which will reach from 


E to F. Thro' F draw the Meridian FG, and this 


will-be the Meridian of St Katherime's ; then-ſer off 
from Qto H upon the graduated Meridian QB, 28 
Degrees; and thro' H draw the Parallel of Latitude 
H M, which will meet the re N e in K, _ 
Place upon the Chart required. | 
Prob. 2. Given two Places updd the Chart, - 
and their Difference of Latitude and Diflrenco of 
girude. . 1 fl 25 
Through the two Places draw Parallels of Latitude: 
then the Diſtance between theſe Parallels numbered in 
Degrees and Minutes upon the graduated Meridian, 
will-be'the Difference of Latitude required; and thro? 


the two Places drawing Meridians, the Diſtance be- 


rween theſe counted in Degrees and Minutes on the 


Equator, or any graduated Parallel, wilh be the Dif- | 


ference of Longitude required. 
Prob. 3. To find the Mn of one Place from 
another upon the Chart. | io mos 
| DT Required the Bearing of St Katherines at 
K, (fee Plate 1.) from the Lizard at L.- 


0 Draw the Meridian of the Lizard AE, und join Kk | 


and L with the right Line K L, then by the Line of 


4 Chords meaſuring the Angle KL E, and with that 
entering the Table at Page I 56, we ſhall have the 


Thing required. 
This may alſo be done, by having: Compuliies' 


drawn on the Chart (ſuppoſe at two of it's Corners) 
then lay the Edge of a 1 — over the two Places 
and let fall a Perpendicular, or take the neareſt 
Diſtance, from the Center of the Compaſs next the 
firſt Place, to the Ruler's Edge; then with this Di- 


ſtance in your Compaſſes, ſlide them along by the 


Naber Edge, keeping one Foot of them Stoke — 
| the 


upon the Equator | 


* 5 F G * ** rus 2 
| ; 88 i * 
| Fs , > N . N 
* 
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che Ruler, and the other as near as you can judge 


perpendieular to it, which will deſcribe the Rumb 
required 

Prob. 4. To find the Diſtance ras two given 
Places upon the Chart. : 

This Problem admits of four Caſes, according to the 
ee of the two Places, with reſpect to one ano 

Caſe 1. When the given Places lie both upon the 
Equator. 

In this Caſe their Diſtance is found by converting 
the Degrees of Difference of Longitude intercepted 
between them into Minutes. 

Caſe 2. When the two Places lie both on the ſame 
Meridian. 

Draw the Parallels of thoſe Places, and the Degrees 
upon the graduated Meridian, intercepted between 
thoſe Parallels, reduced to Minutes, give the Diſtance 
required. 

4 3. When the two Places lie on the ſame Pa- 
el | 

Example. Required to find the Diſtance 8 
the Points K and N, (ſee Plate 1.) both lying on the 
Parallel of 28, oo“ North. Take from your Scale 
the Chord of 60, or Radius, in your Compaſſes, and 
with that Extent on KN as a Baſe, make the 2 
Triangle KPN; then take from the Line of Sines 
the Co- ſine of the Latitude, or Sine of 620, and ſet 
that off from P to 8 and T. Join S and T with the 
right Line 8 T, and that applied to the graduated 


Equator will give the Degrees and Minutes upon it 


equal to the Diſtance; which, converted into Mi- 
nutes, will be the Diſtance required. 

The Reaſon of this is evident from Se. VIII. FIR 
it has been there demonſtrated, that Radius is to the 


Co- ſine of any Parallel, as che Length of any Arch 


on the Equator, to the Length of the ſame Arch on 
that Parallel: Now i in this Chart KN is the "I Y 
| S 


8 nn 


* Te 
A 


| * 


of the Meridian of che two Places' K pr 


che PNK, 

is parallel to K N, therefore PN: 
tly TS will be the Diſtance of the two 
Places K and N upon the Parallel of 280. 
If che Parallel the two Places lie on be not far from 
the Equator, and they not far aſunder; then their 
Diſtance may be found thus. Take the Diſtance 
between them in your Compaſſes, and apply that to 
the graduated Meridian, ſo as one Foot may be. as 
many Minutes above, as the other is below — given 
Parallel, and the Degrees and Minutes ne 
reduced to Minutes, will give the Diſtance. 

Or it may alſo be found thus. Take the Length 
of a Degree on the Meridian at the given Parallel, and 
turn that over on the Parallel from the one Place to 
the other, as often as you can; then as'often as that 
_ Extent is contained between the Places, ſo many 
Times 60 Miles will be contained in the Diſtance be- 


tween them. 


Equator, and fince in the Triangle 


Caſe 4. When the Places differ both in Longitude 


and Latitude. 
 Example.. Suppoſe it were required to find the Diſ. 
* betwoen he, two Places à and e upon the Chart. 
"Prob. 2. Find the Difference of Latitude between 
dem, and take that in your Compaſſes from the gra- 
duated Equator, which ſet off on the Meridian of a, 
from à to 5; then thro þ draw Y c parallel to d e, and 
taking ac in your Compaſſes, apply it to the gradu- 
ated Equator, and it will ſhew the Degrees and Mi- 
nutes contained in the Diſtance required, which mul- 
50 60 will give the Miles of Diſtance. 
eaſon of this is evident from Art. 8. of this 
Selt. . tis plain ad is the enlarged Difference of 
Latitude and ab the z conſequently ae the en- 


larged Diſtance and a c proper. 
- 8 | ; Prob. 


el 


PT::NK:TS, 


X Frs Fg 


5 FFS 


2 


LSS = 123 Y Z 88 8 


89 


$8385 


ed 


3-43-30; 


7 


* 
Du 


and 
du- 
Mi- 


” 
* 


Latitude and Bearing from ſome known Place upon 
the Chart being Known ; or (which is the fame) hav- - 


the Chart. 


3:38 — 7 


. | Mireater's Sailing. 
Prob, 8.⁰ To lay down a Place upon the Chart, it's 


ing the Courſe and Difference of Latitude that a Ship 
has made, to lay down the R 
find her Flace upon the Chart. 

A Ship from the Liaard in the Latitude 
of god, o — fails SS W *rill fhe has differed 
her Latitude 369, 40'. Required her Place upon 


Count from the Lizard at L, on the graduated 


Meridian downwards (becauſe the Courſe is Seuther- 
ly) 36, 40“ to g; through which draw a Parallel of 


Latitude, which will be the Parallel the Ship is in; 
then from L draw a SS W Line Lf, cutting the for- 


mer Parallel in 7, and this will be _ 10 Place 


upon the Chart. 

Prob. 6. One Latitude, Courſe, jane Diſtance, 
failed, given, to lay down the Running of the Ship 
and Buck her Place upon the Chart. 

Example. Suppoſe a Ship at à in the Latitude of 
20% oo North, ſails North 350, 
Miles. R 

Having 


equired the Ship's Plast upon the Chart. 


and obſerve the Number of Degrees it contains; then 
count the ſame Number of Degrees on 


s Place required. 


rob. 7. Both Latitudes and Diſtance failed, given; 


to find the Ship's Place upon the Chart. 


Example. Suppoſe a Ship fails from a, in the Ladd ; 
tude of 209, oo“ North, —— North and Eaſt 198 


8S a2 


5 a n * PTY , 
# ” YN 1 
N 1 N 
* £ * * 
81 


Wannen and 


20', Eaſt 19 


drawn the Meridian and Parallel of the 
Place @, ſet off the Rumb Line ae, making with 45 
an Angle of 370, 20“, and upon it ſet off 191 from a 
to c; thro? c draw the Parallel c b, and taking ab in 
your Compaſſes, apply it to the graduated Equator, 


on the graduated 
Meridian from C to b, and thro' + draw the Parallel 
be, which will cut 4c produced in- the Point e, the 


. 
\ 8 : o 1 
? 2 
- . 
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Miles, and is then in the Latitude of 459, oo North, 
- Required the Ship's Place upon the Chart. 

Draw de the Parallel of 45, and ſer off upon the 
Meridian of a upwards, ah equal to the proper Diffe- 
rence of Latitude taken from the Equator or graduated 
Parallel. Thro' & draw bc parallel to de; then with 
191 in your Compaſſes, fixing one Foot of them in 4 
with the other croſs be in c. Join 4 and e with the 
right Line ac, which produced will meet de in e, the 
Ship's Place required. 

Prob. 8. One Latitude, Courſe, and Difference of 
Longitude, given, to find the Ship Place upon the 
Chart. 

Example. Suppoſe a Ship 
Latitude of 50®, oo! North, 
Difference of Longitude is 429, 36/. 
Ship's Place upon the Chart. 

Having drawn AE the Meridian of the Lizard at 
L, count from E to F upon the Equator 4.29, 360, and 
thro F draw the Meridian FG; then from L draw 
the SW + W Line LK, and where this meets FG, as 
at K, will be the Ship's Place required. 

Prob. 9. One Latitude, Courſe, and Departure 
given, to find the Ship's Place upon the Chart. 

Example. Suppoſe a Ship at à in the Latitude of 
200, oo! North, fails North 37?, 23! Eaſt, till ſhe 
has made of Departure 116 Miles. Required the 
Ship's Place upon the Chart. 

Having drawn the Meridian of a, at the Diſtance 
of 116, draw parallel to it the Meridian 4 1. Draw 
the rumb Line ac, which will meet E in ſome 
Point c; then thro' c draw the Parallel , and a6 
will be the proper Difference of Latitude, and 4c the 
Departure. 
to the Equator or graduated Parallel; then obſerve 
the Number of Degrees it contains, and count ſo many 

on the graduated Meridian from C upwards to 5. 


from the Lizard in the 
ſails SWS W, till her 
Required the 


TOs: h draw the Patallel b e, which will meet ac 
| JO 


Take ab in your Compaſſes and apply it 


upon the Chart. 
Prob. 10. One Latitude, Diſtance, and Departure, 
given, to find the Ship's Place upon the Chart. 


20% oo! North, fails 191 Miles between North and 
Eaſt, and then is found to have made of Departure 116 


Miles. Required the Ship's Place upon the Chart. 


Having drawn the Meridian and Parallel of the 
Place a, ſet off upon the Parallel 2» equal to 116, 
and thro* n draw the Meridian 41. Take the given 
Diſtance 191 in your Compaſſes, ſetting one Foot of 
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372451 [.3824;0 |3926,4 [493132 fi 38,8 143! 
| 372557 [382557 3925, [4933;0 [4140,6 | 4251,2 |: 
372754 [38274 3929,8 [4034.8 41425 [425350 | 
| 372959 [3829.1 | 393, 5 1493516 [4144.3 [42549 4368;6 
| $730;7 383078 | 3933-3 8,3 474,1 [42568] 
373253 383255 3935, [49401 [4147;9 [4253;6 |: 
| 373450 [383432 3936.7 1404" 9 [4149,7 [4260;5 [4 
3735561383538 ,3938,5 4043.6 4151,6 14262;4 [14376 
27573 555 iy [394952 [4945:4 [41.5354 [426413] 4 
eo 1 3738.9 383 2 394,9 14047;7 4155, 2 426651 
J 374, 384% | 394357 4049 [415 5 
| 374232 3842, 3945.4 405,8 [415,88 426932] 
374359 | 384433 | 3947»1 |'4052,5 4760, 4271.8 
49| 374555 [1846,0| 394849 | 405433 [416235 [427356 } 
| 374752 2 950% [4656;1 [4164,3 | 427555 [4399.8 
1 3748.9 14 | 395253 457,9 [4166,2 | 427754 | 
37507 138511 | 395441 | [4168,0 427053 
(375252 |: 8 414 4281,14 
228.8 4283.0 [435 
| 4284.9 
4286,8 
4288, 
4290, 
4242˙5 
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455555 1 4878s: 


4573.7 0 
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4626,6 9 4880, 8 8014.4 UA. 152986 a 
4628,7 [4753,8 | 4882,0 5016, 5155,35299,0 
4630,7 | 4755-9 | 4885,2 5019, | 51576 | $3915 

4632,8 | 4758,0 [4337,4 5021,2 | 5160,2 | 5303,9]- 
4|:4634,8 |4760,1 |4889,6 | 5023,5 | 5192.3 |5309,4] 
4636,9 |4762,3 |4891,1 | 5925-8 151947 | 5308.8]. 
4639,0 | 476444 4894,0 | 5028,1 5167,0 |5311,3 
4641,0 | 4766,5 4896, | 5030.3 [5169.4 | 53137] 
4643.1 |4768,6 4898, | 5032,6 [5171,8 |5316,2 
6| 593449 [5174-1 [5318,6]. 
4647,2 [477249 [49928 | 5937-2 [5179.5 [$3211] 
i | Min. | Min. | Min. Min. | Min. | Min. |- 
5 „ 63 06 681 
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n 68 69 70 |} 71 
14 Min. 1 Min. Min. Mien | Min. | Min. 5 
| o| 53236 5474.0 563,9 57945 5965,0 [614557 
1 | 5326,0 5476, 5633.5 [579754 | 5968,9 [6148, 
2| 5328,5 [5479.2 [5036;2 [5800,2 597 18 615159 
35330, 5481, 5638, 95803, 05974, [61880 
42 [$484:5 4 [5805-8 [5977-7 [©15 
5 | 5335-9 [$4869 f5644,2 [58086 | 59806 [616141 | 
6] 5338.3 [5489-4 [5646,9 [5811,4 | 5983,5 [9104.21 63543] 
i 7 [$340 [5492.9 [5649,0 [5814,2] 5986,5 16167,3]6357,6 
| 8[ 5343-3 [5494-6 | 5652,3 5817, | 5989,4 [2179-4 6360,9 
g| 53457 [5497-! [565550 [581968 | 5992,4 617355 | 6364-1 ; 


ro[ 5348, [5499-7 5657, [582246 | 5995,3 [9170,616367,4 
br f5350,7 [5592.3 [5660,3 |5825,4 | 5998,3 [5179-7 [6370,6 
12 [$353 $504,9 5663,0 5828, 2 6001, 6182,8 6373, 9 
1353576 557,5 5665, 5830 CD04, [6185,916377,2 
1415358. [5510,0 [5668,4 5833.9 | 600741 | 
7c | 5360,6 [5512,6 15671,1 [5836;7 6010, 16192, 16383, 
181 5363.1 [5515-2 [5673.8 [5839,5 | 6013,0 f6195,216387,0 
17 | 53656 [5517,8 |5676,5 | 5842,3 | 6016,0 6198, 346390, 3 
18 5368,1 [$520,4 [567942 5845, 6019,o G20 r, 6393.6 
, 19 $3795 $524,0 [5681,9 [5848,0 6021,9 6204.6 6396.0 

20 537 3,9 5525-0 5684,6 5850,8 6024, 9 6207, 7 6400, 2 
211 375,5 [5528,2 | 5853.7 [6 6 0 
22| 5378,05 30,8 5690,58 56,5 6030, 8 [6213,9] 6405, 
23 5380, [5533-4 [5692.8 58 5003 | 6032,8 6217, 16470, 
24 5383, [65 35,0 |5695,5 |5862,z 636.8 6220.2 KN 24 
275385, 538,6 5698.2 5865, [6039,8 6223, 36416, 
260 5388,0 | 5541,2 5700, 5867, þ6042,7 6226, 36420. 0 
| 27] 5389.5 | 55437 [5793-6 [58707 [60457 þ6229,016423,3] 
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26 53930 [5546.4 [5796,3 [587335 [6048,7 | 6232,7þ6426,6 


129 5395-5 [554%0 | 5876,4 [6051,7 [6235,9f6 
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7525, 7807,68 114.5 
14 6582, 6 6796.9 7024, 8 7268.4 7539,0 781245 811,8 


is | 6586,1 |6800,5 17028,7 7272, | 7534,5 |7817,4 8125;2 
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18] 6590,5 68 11,6 7040, 57285, 27548, 17832, 28 141,3 
28980 [6815.3 2% [72594 [75527 2822218146, 
20 5503, 468 19,0 7048.7 7293, 7557.2 7842,81 52,1 | 
21 | 6606,9 6822, |7052,7 [729729 |7561,8 |7847,0|8157,5 
22| 6610,4 [6326,4 |7056,6 [7302,1 | 7566,3 |7851,9|8162,9 
23] 6613,9 6830, 17060, 57 306, 47570, 9 7856.98 168,3 
24 6617.4 6823,8 |7064,5 [73190 | 7575,5 7861,9 2230] 
25| 6620,9 6837,6 |7068,2 |7314,9 | 7580,1 7860,8 8179,2 
26 
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6624,4 |6841,3 7072, 27319, 17584. 78 1,8|8184,6' { 
6627,9 |6845,0 [7076,2 [7323,4 |7589,3 | 7876,8 9190,17 
663 1,4 6848, 7080, 17327, 75939 7881, 88195, 5 
663 5, 685 2,5 7084, 7332-9 [7598.3 7886,80 8201, 
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14 [8456.8 | 8829.7 
15 $462,6 ] 8836, z 
16 8468, 6 8842, 8 
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18 | 848,4 1 * 
19 8488.2 3852.5 
20 8492, 3 8869, 3 
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10822, 5 
10834, 2 
10845,9 
10857,7 
10869,6 


10881,4 | 


10893,3 


10905, 2 


10917. 2 


1292252 


10941. 2 
10953-3 
10965.5 


10977.7 


10989, 9 
11002, 2 


11014, 8 


11026, 9 
11039, 3 
110817 
11064. 2 
11076, 8 


11089, 3 
11102, 


1175497 | 


11770,0 


| 11785,4 


11800, 9 
118164 
11832,0 
11847,6 


' 11863,4 
11879,2 
| 11895,1 


11911,0 
11927,1 
1194 3,1 
1195944 


11975,6 | 
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12970,6 


12992,5 . 


130' 4.4 
13036, 6 


13058, 8 
130812 
13103,8 
13 126,8 


Min. 


87 


88: 19": 
Min. Minn. 
1391666 | 16299,8 
13945, | 163575 
i 39244 16416, 3 
4003.716476, . 
14033, | 16535,0 
14063, | 16594,9 
14093,0 | r6862,0 
14123,3 | 16726,2 
14153,9 | 16791,7 
14184,7 | 16858,; 
14215,8 16926,5 
14247,2 | 16990,6 
14278,9 | 17066,9 
14310,9 17130, 3 
14343.2 | 17213,2 
1437598 | 17288,7 
14408,7 77366, 
14441,9 7445.0 
144754 | 17525,9 
1459%3 | 17608,7 
145435 | $7693,6 
14578,1 | 17780,7 
14613,0 | 17859,9 
. 14648,3 17961, 6 
14683,9 '] 18055,8 
.14719,9 | r8152,6 
-14750,3 | 18252,3 
14793, | 18354,9 
14830, 2 | 18460,7 
148678 | 18569.8 
Min. Min. 
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Min.” Min. _ Min. = Min. : 
11127.4 | 11992.0 | 13149.3 | 149058 
11140.1 | 120084 | 13172.3 | 14944-2 
11152.9 | 12024.9 | 13195 5 | 149830 
11163,8 | 12041.5 | 13218,8 | 15022.3 
11178.7,| 12058.2 | 13242.3 15062.1 
1191.7 12074.9 | 132659 | 15102.3 
11204.7 | 12091.7 13289.7 15143. 0 
11217.7 | 12108.6. | 13313.7 | 15184.2 
11230.9 | 12125.6 |f13337.8 | 15225.8 
112449 | 12142.7 | 13362 1 15268.0 
11257.-2 | 12159.9 | 13386.6 | 15310.7 
11270.5, |12177-1 | 13411.2 | 15354-0 
11283.8 | 12194.4 | 13436.1 | r5397.8 
11297.4'] 12211.8 | 13461.1 | 15442.1 
11310.6 | 12229.3 | 13486.3 | 15487.0 | 
11324 0 | 12246.9 | 13511.6 | 155326 
11337.6 | 12264.6 | 13537.2 | 15578.7 
11351.1 | 12282.4 | 13563.0.| 15625.5 
11364.8 | 12300.2 | 13588.9 | 15673.0 
11378.4 | 12318.2 | 13615.1 | 15721.0 
11392-2 | 12336.3 | 13641.4 | 15769.8 
11406.0 | 12354-4 | 13668.0 | 15819.3 
11419.8 | 12372.7 | 13694.7 | 15869.5 
111433.7 | 12391.0 3721.7 | 15920.4 
| 11447-7 | 12409.5 | 13748.9 | 15972.1 
11461.7 | 12428.0 | 13776.3 | 16024.6 
1147; 8 |12446.7 | 138039 | 16077.9 
ri489.9 | 12465.3 | 13831.7 | 16132.0 
11504.1 |, 12484.2 [ 13859.8-| 16187.0 
1118.312503. 13888 1 , 16242.9 | 3v 
Min, | Min | Min. Min. 
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11076,8 
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20.4 
13036, 6 
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1391666 16299, 8 
139454 16357, 5 
13924, 16416, 3 
14003.7 16476, 
1403321553520 
14063, | 1659499 
14093.0 | r6862,0 
14123,3 | 16726,2 
14153,9 | 16791,7 
14184,7 | 168585 
14215,8 | 16926,; 
14247,2 || 16990,6 
14278,9 | 17066,9 
14310,9 17130, 3 
143432 | 17213,2 
143758 | 17288,7 
14408,7 | 17366,0 
14441,9 | 17445,0 
144754 | 37525,9 
145435 | 17693,0 
14578, 1 | 17780,7 
14613,0 | 17869,9 
. 14648,3 7 17961,0 
14683,9 '| 18055,8 
14719, | r8152,6 
-14756,3 | 18252,3 
14793,9 | 18354,9 
14830, 218460, 7 
14867,8 18569. 8 
Min. Miz. 
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L. 85 86 87 88 * | 
L Min, | _ Min. * _ Min. Min. _ Min. 
30 | 11127.4 | 11992.0 | 13149.3 | 14905.8 8682.5 
31 | 11140.1 | 120084 | 13172.3 | 14944.2 | 18799.1 | 
32 | 11152.9 | 12024.9 | 131955 | 149830 | 18919.7 
33 | 11163,8 | 12041.5 | 13218.8 | 15022.3 190447 
31 11128. [ 12058.2 | 13242.3 [1082.1 [2124.4 N 
35 | 1191.7 | 120749 | 132659 | 15102.3 | 19309.2 | 
36 | 11204.7 | 12091.7 | 13289.7'| 151430 | 19449.5 | 
37 | 11217.7 | 12108.6. | 13313.7 | 15184.2 | 19595.8 
38 | 11230.9 | 12125.6 [f13337:8 | 15225.8 | 19748.6 
39 | 112440 | 2142.7 13362 1 15268.0 | 19908.5 
40 | 11257,2] 12159.9 | 13386.6 | 15310.7 | 20075-2 
.41 | 11270.5 |: 12177.1 | 13411.2 1 15354.0 | ,20252.5 
42 | 11283.8 | 12194.4 | 13436.1 | t5397.8 | 20438.3 
43 | 11297.1 | 122118 | 13461:1"|- 15442.1 | 206348 
' 44 | 11310.6 | 12229.3 | 13486.3_ | 15487.0 28843. 
45 | 113240 | 12246.9 | 13511.6 | 155326 | 21064.9 
46 | 11337.6 | 12264.6 | 13537.2 | 15578.7 | 21302.0 
47 | 11351.1 | 12282.4 | 13563.0.| 15625.5 | 21556.6 
48 | 11364.8 | 12300.2 | 13588.9 | 15673.0 | 21831 
49 | 11378.4 12318.2 | 13615.1 | 15721.0 | 22130.6 
50 | 11392.2 | 12336.3 | 13641.4" | 15769.8 | 22458.0 
Ft | 11406.0 | 123544 | 13668.0 | 15819.3 | 228199 
52 | 11419.8 | 12372.7 | 13694.7 | 15869.5 | 23224.3 
53 | 11433.7 | 12391.0 | 13721.7 | 15920.4 | 23682 9 
$4 | 11447-7 þ 12499:5 | 137489 | 15972.1 | 242118 
55 | 11461.7 | 12428.0 | 13776.3 | 16024.6 | 24836.9 
56 | 11475 & [©12446.7' | 138039 | 16077.9 þ25600.8 
57114899 | 12465.3 | 13831 7 | 16132.0 | 26582.9 
58 | 11504.1 |, 12484.2 | 13859.8-] 16187.0 | 27958:0 
$9 | 21518.3,] 12503.4. | 13888 1 |. 16242.9 36304-3 
_M| | Min. | Min. Min. | Min. _ Min. \ 
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Of Obligue Sailing... | 
\HE Queſtions that may be on this 
\HE Que innumerable, 1 Ka only give a 
fow of ihe molt Ul. 1 
P ROB 


Coaſting along the Shore, I ſaw a Chip: bear from 
me N NE, then I ſtood away NWS W 20 Miles, 
and I obſerved the ſame Cape to bear from me NEZE. 
Required the Diſtance of the 19 from the 255 at 
cach Station. ; 


1 Geometricaly. 


Draw the Circle N WS E to repreſent the Com- 
paſs, NS the Meridian and WE the Eaſt and Weſt 
Line, and let C be the Place of the Ship in her firit 
Station; then from C ſet off 
upon the N WI W Line, 
CA 20 Miles, and A will be 
y the Place of the Ship in her 
— ſecond Station. 

From C draw the NNE 
Line C B, and from A draw 
AB parallel to the NE IE 
Line CD, which will meet 
CB in B the Place of the 

8 Cape, and CB will be the 

Diſtance of it from the Ship in it's firſt Station, and 
A B the Diſtance in the Second. To find which - : 
| i 


lie lese, 
By Calculation. | 
In the Triangle ACB ww given - 8 = 8 


20. Miles, the A 4 1 1 
ng, Ki 


| 3 . 8. BAC: CB. 
i. e. * the Sine of the Angle B 330, 45! 9.74474 


˖ is to the Diſtance run AC 20 1.30103 
ſo is the Sine of NA 4 * 30 - 9.96562 

toCB - 11 26 - 1.52191 

the Diltapoa of the Ca ape fom the Ship at the firſt 
Wen Then for AB will be (h He fame Caſt 

8. ABC: AC: :S. ACB: AB. 

i: e. een Sine of B - * 33% 45! - 9:74474 

Sto AC - - - 20 1.30103 

ſo is the Sine of O * = 78 , 45 999137 
wAB - - -' - - » 25-31 » = 1-54786 


the Diſtance of the Ship n, ſe= 
ee. 


ROE 2. 


along the Shore 1 2 two Headlands, the 
* — m me N EE 17 Miles, the other 88 W 


— theſe TI from one 
By a 2 U 


another. 
2 | Geometrical, 


— 


20 Miles. Required the Bearing and Diſtance gf 2 


. 4 4 A K == 2 p Sa — PL y * 
, Fr % R 2 * l 4 = i K 9 * -. 
> 1 " 1. . * 4 : . b {7 
q — «4 5 1 * # * 4 6 
. A . * 2 
” 5 - — 
* 60 * + 5 i „ 
— 2 2 9 F : i * 
9 * * P pp 
*7 p * 
- & ” 


A. 


e 6 


« | 
2163 2 , . 


eke. Compaſs NWSE. ; KO 

neo Place of the 8 
dz IHY A” ſer off upon the NEZE 
W 2 


Line CA 17 Miles from C 
to A, and pe the 8 SW 
f. Line CB 28 Miles from C 
|” do B, and join A B. then A 
- will be the firſt Headland, 
and B the ſecond; alſo AB 
will be their _ Diſtance and 


[DR from the NE U E 


By Calculation: N 


| Inthe Triangle ACB are given, Ac 17. 'CB 30 


and the Angle ACB equal to 101, 15, the Diſtance 
between the NES E and SSW Lines. Hence by 
Caſe 4. of Oblique Angular Trigonometry We will be 


| As the Sum of the Sides A C and CB "= I. 56820 
ee. 3 3 0.47712 
ſo is the Tan ⁊ the Sum x 
of the Angles & avi B { 390 , 224 '/9-91417 
to the Tang. of half their Diff. 3. 49 8.82 309 
conſequently the Angle A will be 43, 117, and the 
Angle B 35%, 34“; alſo the Bearing of B from A 
will be S5 W 76. 490, Weſterly, and the Bearing 
of A from B will be N E 1%, 49's Eaſterly. 


e Tbes for the Ditkitce A U it will be, by Caſe 2: of 
Fo Oblique 8 285 2 a Re 


"TT T7 SY S. 4 
GA MAY _ | 4 * | 2 ny S. A: 


2 ado, A will be the 


* 
- +4 £3” #4. wc 


Havi drawn the Com 
ſent the rſt Place of the hip, from which draw the 


| 1 2 97. v 
4 CB 22 8. 238 AB. 4 _ | 
i. e. 1 ine of K =: 43% 117 - - 9183527 i 
is to C8 20 1.30103 
ne Sine FC — 101 „ 1% - * 9.99137 


| 0 AB POO RED "169733 | 


4 * 


P 0 B. 5 


Coaſting along the Shore I ſaw two Headlands, tho 
firſt bore me N WN, and the ſecond NNE; 


then ſtanding away EN Northerly 20 Miles, I 
found the firſt bore from me WNW N 
and the ſecond NSW Weſterly. 


e * of theſe e 


Required the 


ge | Geometricalh, 
NWSE, let Crepre- 


NW3N Lane CB, aa ip {NNE Line op. 1 
the EIN N Line CA, which make equa to 20. 
Us3 From 


f z " > * 2 - 


CE 
+ ID 
22 


Hirſt Lines in the Poirts 
The firft and D the Tecond nds. _ Join the 
Points B and D, and BD will be pills be- 
. tween them, and the Angle C D B the Beating from 
the NNE Line. To find which 


* „ © — 
=, * þ 4 3 


By Cattulition.” 2 a 
1. Th the Triangle | ABC | ih vs An 


BCA, equal to 104* , Of, es HEM 
the N W N Line, ind the EN 4. e 3 
BAC el to 369, 345 the LE rk 


WSW 2 
Angle A B C equal to 308, 2, the Diſtance between 
the ESE E. Line, 18 SW4S Line,, alſo the 
Side CA « equal to 20 Mites, whbtich Br C: S It will 


be (5 Bile. of Plain Be 


As che Sine of CBA - - 399, 22! - 9.80228 
is to AC - - - 20 - - 1.30103 
ſo is the Sine of B AC - 30's 34 - 9.77557 
1 s -' - - - 1.27382 
the Diſtance between che ful k and the 

Ship in her firſt Station. F, 
In the Triangle A p, ven the Angle 
ACD equal to 47% FT between the 
| ENE: E Line, and 95 E. Linne, the Angle 


CAP equal to 929, 42/, the Diſtance between the 
WSW. e, N 4/W + W Line, the 
Angle CDA 22/, the Diſtance be- 
— 5 and the 85 E; E Line, alſo 
the Leg C A equal to 20. 


Hense for CD it will be geen of Gb 
| Triginometry) n 7 Aal. 1 


* 


7 
= 


o is che ine of CAD 92%, 3% 


1 
*: 4 


8 
1 
is to A 


— 20 


* 1.30103 
- 9.99960 
RE = - = 1.5 „ 149835 
the Diſtance between the ſecond Headland," and 
e ee 0 


8 In the Triang le BCD are given BC 18.79, 

4 —_— 1 865, 5 

between the N W þ N Line, and the 
NNE 


Hence for the Angle CDB it will be, (by Caſe 4. 
of Oblique Trigonometry ) | 
As the Sum of the Sides 30.29 1.70148 
3 12.71 - - 1.10415 
| IS Lan T 0 Sum 7 
of the — 1 615, 52 — 10.2169 
to Tang. of half their Diff. 25 , 18 - 9.67456 
conſequently the Angle CBD is 879, 10“, and the 
Angle CDB7369, .33/. Hence the of the 
firſt Headland- from the ſecond will be 8 59, 84, 
Wor S WW W nearly, and for the Diftance 
between them it will be, 


As the Sine of BDC 3675 357 — 9.77824 
is to BC - -< - 18.79 - - -1.27382 
ſo is the Sine of BCD - 56, is! 9.91985 
toBD - - 26.212 - 1.41843 


the Diſtance berween dhe two Headlands. |. | 


Thie ind che 6r& Problem, are of great U in 
drawing the Plot bs; e or ee ee 
W 


e 


27 


5 Us quired 


PROB. 4- 14 


Wind, at North, is bound to a 
9 86 Miles Diſtance from her. Res 


— —ͤ——— p — — — « — n — — 


—— — — . 


.*»s | 
= 39%, 227 - © 9.80228 | 


1 
' 
N 
bs 
is 
j 
1 
' 
Vi 
' 
( 
4 


: 


0 1 
| quired the Cong and Diſtance upon ack Tack, 
895 the intended Port. 


p ” 
1 Fg 
3x} | : 


| Geometrically.. | f 3 09 5 
| Hering drawn the Compaſs NES w, let 0. 
ſent the Ship's Place, and ſet off upon the Eaſt Line 
CA 66 Miles, fo A will be the intended Port. Draw 


lel to CD meeting CB in B; the ENE ; E Line 
CB, will be the Courſe of the Ship upon the Stur- 
board Tack, and CB it's Diſtance on that Tack; 

alſo the ESE E Line AB, will be che Courſe on 
the Larboard Tack, and BA the OR on that 
1 Tack. To find N 


By Calculation. 

In the Triangle ABC are given, PIR ACB 

equal to 16°, 537, the Diſtance between the Eaſt and 
ENE = + E Line, the Angle CBA equal to 1469, 14', 
the Diſtance between the E NE + E and the WNW 
Wines, the Angle BAC equal to 16?, 57, the 
Diſtance between the Eaſt, and SE + E Lines, alſo 
AC 86 Miles. 

Hence ſince the Angles at A and C are equal, the 


Legs CB and BA will like wiſe be equal; to find 


either of which (ſuppoſe C B) it will be, rh 9 2. 
of 7 te EPL bs EE - 


CD and CB on each Side of the North Line at 6 = 
Points Diſtance from 1 it and thro A wa AB paral- | 


- $0 


As the Sine of B | 
is to Ac 
ſo is the Sine of A I: 

45 Dodd! F 44-94 * 


"St is 4 great ue of uſeful Quins of this 
Nature that i be ſed, but the Nature of them 
being better und by Practice at Sea, we ſhall 
leave then pd 89. on to Current 8 _ 


— — * . 


> OT I} 2% 9 e 3 3 . Wi. =» PP. 
f * . 3 oy £4 $4 # &-# 4 
* 


cee Canas and how to mals proper au. 
ances s for ow. 


URRENTS arc > certain Settings of the 

ne Stream, by which all Bodies (as Ships, Ge. 

= moving. therein, are compelled to alter their Cou 

R; or Velocity, or both; and ſubmit to the Motion i 80 
RN W them by the Current. 


CASE 1. 


If the 88 ſets juſt with the Courſe of the Shi 
B (i. e.) moves on the ſame Rhumb with it; then ip 
nd Motion of the Ship is increaſed, by as much as is the 
TA yon mes of the Current. 8 


W | 
the a * _ Example. 


; Suppoſe a Ship fails S ES at the rate of 6 _ 
the an Hour, in a Current that ſets 8 EV S 2 Miles an 
find Hour. Required her true rate of ſailing. 
7 2. ee „ true rate of Hil- 
| | in 8 Miles an; Ub da: 2m 

As by g 2" CR FR 


- 9 
EE —_e OE CDI" — 
: - — — — AA IIA ct Is 


a + . 
* — — —— — —< — —— 4 . fi a — L — > Ea — A % < 4 3 = . 
—_— — - - - 
— — 


1 - 
— — —— — ——— —— — — 
— — — 
YT o 1 a 2 — 
— 2 =o 


* 
p \ 
#1 : — — 
'D. * P i 


* * 1 
AN 


* 9 FR , J 
- 1 "— 
" V * Y %. \ 
l Sai ; | 
2 
— — : ; * 
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CASE 2. 


If the Current ſers directly againſt the Ship's Cobrte, 
then the Motion of the Ship is leſſened by as much 
as is the Velocity of the Curre t. 


Suppoſe a Ship ſails SS W at the rate of 10 Miles 
m Hour, in a Current that fees NNE 6 Miles an 
Hour. Required the Ship's true rate of failing. 
| Here it is evident that the Ship's true rate of fail- 
ing will be 4 Miles an Hour. Hence it is plain, 
Tor. 1. If the Velocity of the Current be leſs than 
the Velocity of the Ship, then the Ship will get fo 
much a Head as is the Difference of theſe Velocities. 
Cor. 2. If the Velocity of the Current be greater 
than that of the Ship, then the Ship will fall ſo much 
a Stern as is the Difference bf theſe Velocities. = 
Cor. 3. Lat, If the Velocity of the Current be 
equal to that of the Ship, then the Ship will ſtand 
- full; the one Velocity deſtroying the other. : 


\ 


— C A8 E 3. 


II the Current thwarrs the Courſe of the Ship, chen 
it not only leſſens or augments her Velocity, but gives 
her a new Direction compounded of the Courſe ſhe 
ſteers, and the Setting of the Current, as is manifeſt 
from the following | 


ff 2 Body at A be impelled by two Forces at 
the, ſame Time, the one in che Direction A B ra- 


54 


pable 


F 


n 
> 
* 
ſt 


at 
A- 


- it from A to D in the ſame Time: 6 


Weh the 


Move 1 the a 18 ny: 1 
K e K Point C at the End NC 
ime in which it would have. N along 


equal to 43, and join AC. Then C will be the Ship's 
CA D the true Courſe. To find who 


As the bb Dfſtages Ab - 8 25 —— 7 84550 


5 3 „ " | ' 
6 carry chat Body from A teen i 
bb od, th ang in Y 


the Direction D capable to carry. 


Complete the Parallelogram A B 
CD, 22155 pA AC; 


« A "30 


theſe two Forces toge 


| 


N 


15 of AB with the Forces ſeparately applied. 
- Hence the Solution of the following * will 
be evident. | 


| e * ; Ee. * 
a ſ: N 
e OY en by te Compal) 


South 

96 in 24 Hours, in a Current that ſets 45 
iles in the ſame Time. Required W 
Cn and Diſtance. 


Draw AD (ſee the laſt ind to repreſent _ = 


South and North Line of the Ship at A, which make 
equal to 96; from D draw DC NEE to AD 


true Place, AC her true Diſtance, and the Angle 


By Careum. 


"Firſt, For dle e Conte DAC, it will be, by 
Caſe 4. of Refangular Trigonometry. © 
"5 3 aid 


is to the Current's Motion D PS 3 * | 


* . 


K a , : . 
z , 
o - - \" 
. . : . 4 
, : . f 
=_- «. - * 
. 24 * 
oy = 
"Tar >. F Sai / , 
ov 
* ö I 1 — 
- - Y | * 23 | 
" . 


OR AIC £2 
- = a7 


„ APES fer 
If the Current ſets diredtly againſt the Ship's Courſe, 
then the Motion of the Ship is leſſened by as much 


— 


as is the Velocity of the Currem. * 


Suppoſe a Ship ſails 8 8 W at the rate of 10 Miles 
. an Hour, in a Current that fets NNE 6 Miles an 
Hour. Required the Ship's true rate of failing. 

' Here it is evident that the Ship's true rate of ſail - 
ing will be 4 Miles an Hour. Hence it is plain, 

© Cor. 1. If the Velocity of the Current be leſs than 
the Velocity of the Ship, then the Ship will get fo 
much a Head as is the Difference of theſe Velocities. 
Cor. 2. If the Velocity of the Current be greater 
than that of the Ship, then the Ship will fall fo muc 
a Stern as is the Difference bf theſe Velocities. 
Tor. 3. Laſtly, If the Velocity of the Current be 
equal to that of the Ship, then the Ship will ſtand 
ſtill; the one Velocity deſtroying the other. : 


7 | 3 eAS E 3. 

I the Current thwarts the Cvurſe of the Ship, then 
it not only leſſens or augments her Velocity, but gives 
her a new Direction compounded of the Courſe ſhe 
ſteers, and the Setting of the Current, as is manifeſt 


from the following 
n 


f 2 Body at A be impelled by two Foroes at 
the, ſame Time, the one in the Direction A B ca- 
inn as | | | pable 


* 


i 


it fröch A 460 Bin che ſame Time: 


the Dine gien A 


Complete the Parallelogram AB 
CD, and draw the nd AC; 1 Yn 
when the Body at Ao ed toy : 
A two 8 8. ah [| 

ve the e 'A 
TEL Ke CE the En - 15 1 
ime in which it woul ve mov along 

TW of AB with the Forces ſeparately applied. 


Hence the Solution of the following Exainples will 


60 evident. 
x ©5 | E Ls 1 
* ben by — drdly Suk 


iles in 24 Hours, in a Current that 
files in the ſame Time. Required the ey 6.4 
8 and Diſtance. 


Cecmetricaly. 


Draw A D (ſee the laſt Scheme) to repreſent the | 
South and North Line of the Ship at A, which make 
equal to 96; from D draw DC Phpendicular to AD 

equal to 45, and join AC. Then C will be the Ship's 
true Place, AC her true Diſtance, and and the Angle 
CA D the true Courſe. To find which | 


| Ih Careum. 


Firſt, For che N Toutſe DAC, it will kad by 
Caſe 4. of Refangular Trigonomet p. | 


Ae upp pit A K 76 * 2 55 


eee Motion D n . 8 


_ A - 7 „ * 
* p " ar. 2 : A 
* : . 

* 7 . * 

. , _— : 

g N «ys 
of 8 * 
: ” 0 
- : * 1 


ſo is Radi ius N 
to the Tangent of the N 


Courſe DAC - - 25% o 9.67094 


or SSE 29, 37 > 


Then' for the true Diſtance AC, it will be, by 
Caſe 2. of Rectangular Trigonometry,£n © 
As the Sine of the Courſe A 259, “, - 9.62984 
is to the Departure DC - 45 - - 1.65321 
ſo is Radius 10.00, 
do the true Diſtance AC - 106 - - 2.02537 


Example 2. 


Suppoſe a Ship ſails SE 120 Miles in 20 Hours, 


in a Current that ſets WIN at the rate of 2 Miles 


an Hour. Required the Ship's true Courſe and Diſ- 
tance failed in that Time. q 


Having drawn the Compaſs NES W, let C re- 


preſent the Place the Ship failed from ; draw the SE 


* 
- 
TH 


Line CA, which make equal 
| be the Place the Ship caped t. 
IS9S07 Te ES rm gare FN From 


ot. 


10. 0 


conſequently the — 82 Courſe is 8 25% % E 


A i 1 1 h ky 1 
Swe 4 1 1 a 4 + "44 
<P) . . : . 
* 
to 120; then 
2 & þ 7 a C "3 > . Y 
#3] {S485 v4 Þ KL 


e | 


From A Draw AB parallel to the WbN Line CD, 
qu to 40, the Motion of the Current in 20 Hours, 
| ws = he then B will be the Ship's true Place ar 


of 20 Hours, CB her true Diſtance, and te 


Angle SCÞ her we Courle. To find ne 5 


Dy hun. e 2717 e 


1 : bf #, - 
N & ef 5:5 1 £9 4 


In the Triangle ABC, are given En 120, „ A we” 


40; and the Angle C A B equal td 34 „ 45 the Diſ- 
tance between the ES and SE Lale to find the 
Angles B and C, and the Side CB. 


Firſt, For the Angles C and B a be, by Caſe 
4+ of Oblique Trigonometry, 
As the Sum of the Sides CA and AB 160 2. 20412 
E 
is an e 
Sum of the — B and es 73% 07' 10 51783 
to the Tang. of half their Diff. 39“, 45 10. * 
conſequently the Angle B will be 1319, 52/, and 
the Angle ACB 14 23/. Hence t e true Courls 
is S 30, 37 E, or SSE 2, 07! b. 5 ws 


Then for the true Diſtance CB i will be, by 
Caſe 2. of Oblique T1 new 
As the Se 1B 1915, 3a 987198 
Ib wg — — 120 Pi — 2:0791 
is ine of A - 339 45' 9.74474 
to the true Diſtance.CB 89.53 - = 1.95194 


Example 3. 


| Sur OY coming out from Sea i in the Night, 25 | 
2p Light, bearing NE&N Diſtance. 


4 Leagues, it being I Flood Tide ſetting, ENR : 


has fight of 
2 Miles an Hour, a and the Ship running after the 


date of 5 Miles an . Required upon what 


Courſe 


Current vale, f 300 


* P # ä 1 
- 
= 
—— — 9 — — — <a — — —— — Ha — — . 
- ” ” 
* * 
— 


Re EPR 
* 


ad) pan i Genmetrical. 


- * of * * 
un- , PI Ys > . 
q 5 F - 4 + 
Mo , * N 
- * at 


* wy ; 
nk A ER 


Surſe apd hay, far the Wy to hit Ling 
e A 


+ GP 


"mp 
Be 


Having drawn the Compals NESW, let A re- 


— ed Ship's Place at Sc3, and draw the NE4N 


S, which make equal to 12 Miles, fo 8 will 


Seele Sol. | "als 1: 


rom 8 draw 8 L. equal 49.51 Miles, 11 
— 11 1 er; PRC * El 


- * 25 » . wy 


* | 


1 A 12 | Land) MJ 
From L draw LC paralie to ; the: EN E Line 

ual to 2 Miles, and from C draw CD equal to 5 
Miles. meeting AL in D; then from A draw AB 
parallel ro C D meeting LC produced in B; and AB 
will be the required Diſtance, and 8 AB wot true 


Courſe. To find which Th : IA 


> 
cf " . 
526 
1 . = %* : 
g — 5 \ © 
1 9 * 

9 8 — 4 * * 4 * 0 1 

„„ ; . : 

n * 


In the Triangle A 8 L are given the Side A'S equal 
to 12 Miles, the Side S L equal to 51, and the Angle 
ASL equal to 1189, o/, the Diſtance between the 


NEIN and W N Lines, to find the Angles SAL 


and SLA. 3 b Cafe Ob 
l ö * * 2 Foſs fi 


on As 


'\ 


A 


27 


— 9 . > 
8 N 7 


. $4.54, 
| 3 1.79934 


Je ber AL, i will by, by (af + of Oli 


* . F » p GT” 
g \ * 
1 : 

0 e Sailing. 


30 


is to their O. 9 9106 


1 


fo is the Tang. of half the Sum } 30, g6/-999763 | 


of the Angles "SAL and SLA 
to the Tang. of half their Diff. 20%, 21/ 9.5693 
conſequently the Angle SAL will be 510 a 7, and 
ſo the direct * 5 9 85 from 1 80 

will be N 9g“, 2“ E, or E N 69, 17 E, 7 


- Trigenamatry, _ 

As the Sine'of SAL | e, wil 5 - 989245" 
i OSL- = . 51; = *. 11760757 
+> is the Sine of ASL - 1189, % - 9.94646 
wAEL == - - = 57.65 — - 1.76080. 
the Dituwesbermen he Sp nd the Lies 


Ag, 6 Ng DLC, are given the Angle 
1. de 179 e Diſtance — the EN E. 
and N 83, 0 E:Lines, the Side LC equal to 2 
Miles, the Current's drift in an Hour and the ag 
CD equal to 5 Miles the Ship's Run in the ſam 
Time. Hence for the Angle D, — 0 
1. of Oblique Trigonometry, 
Ay the'Ship's Run in 1 Hour DC 5 7 ons 
is to the Sine of III. 8. 329 9.47894 
o is the Current Drift LC - 0.30103 
to the Sine f D -  - = 6 55! 9. o8 100 
9 fince by Conſtruction che Ange LAB 
nal to the Angle L DC, OC 


ſteer is 8 889, og“ E. 4 . 

Then fot the Diſtance A B it will be, by Caſe 2. "_ 
Oblique Trigonometry, \ 

As the Sine of B -  - 1549, as - - 9.61689 

is to ALL — 57. 3 - 1.76080 

ſo is the cap 1. 3 it; 25 


| to A 1 - - 
t lig ents 2577 
. N 


"T0. 
= 


© F 5 — ” a : 
Z * * 2 A. ; 6 © 
L N 


3 

* conſequently ſince the Ship is i at PN a r 
Mites an Hour, it follows that in failing 8, 24 
8 88h 93, E, oa will arrive at the . 1 0 


10 
Example 4. 


5 s 
A Ship from a certain Headland i in de Lade 
cf 34%, o& North, fails S ES 12 Miles in three 
- in à Current that ſets between North and 
Eaſt, and then the ſame Headland is found td Dear 
WNW, and ele the Latitude of 339; 
92/ North. N the r and Dat of the 
ar - A 10 20K 903 3 | 
god. - 1 1A , 


bee 


Having drawn the Compaſs NESW, let Air 


rr the Place uy Ship, and draw che S EBS 
A B equal to 12 Miles, all the 


ESE Line AC. 
upanths Ae 


= . 
„ N F 
G 3 1 


181. * E 


Set off from A 


thro D draw DC parallel to 
the Eaſt and Weſt Line WE, 
1 meeting A C in C. Join C and 
80.0 B with the right Line BC; 
Sim C dil be bs Ship's Plate, the Angle ABC the 
Setting 
Line B C will be the Drift of the Current in 3 Hours. 
To find ier 


3 23 


CE : | 49:41 by | 
| Calne, Wien N N ahh) 


On the Triang le A DC, en! at D, are 
| given the Difference of Latitude AD equal to 8 Miles, 
the Angle D A C equal to 67%, 30', Whence for 
AC the Diſtance the Ship has failed, it will be, 4 
| $ 


* 


* 
2 
ee 


* * | 5 , 
99 - \ 


ridian/A'D, equal t 8 Miles, 
the Difference? of Latitude, and 


of the Current from the. SE 4S Line, and the 


S SS- 


r 


= 
— 


* » Sad; O »” » 
8 ” $0 : 2 * 7 
* oy : 
* 9 1 l 


73 


* * , n y 8 4 * of * * * 
7 F 72 - , , . 
— 8 e : 
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* \ = 4 4 
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As Radius - + - > un | 
is to the Diff. of Latitude, AD. - 8 go b 
ſo is the Secant of the can 6 0; oo 6 


to the Diſtance run Ac OT = - 1.32025. 


, Again, in the Triangle ABC, are given AB equal 
to 12 dane, AC equal to 20.9, and the Angle BAC 
equal to 339, 450%, the Diſtance between the SES 
and 8 8 Lines. Whence for mas * at "es will 


be, 


As the Sum of the Sides AC and AB 32. 9 I. 51720 | 


— — - '> - |= 8.9 0.94939 

o is the Tan Dane 

Som of the Angles BandC J 736, % — 29:51806 

to Tang. of + their Diff. 41, 43' + - 9.95025 

conſequently the Angle B is 114, 51, ſo the 
ſetting of the, Current will be N 819, o6 / E, or 
ESN 2%, 217 E. Then for BC the Current's 
Drift in 3 Hours it will be, „ Inn 


As the Sine 114, 51 
is to the Diſtance run A C 20-9, 
ſo is the Sine of A - 33, 45 


A2: 9.95780 
7 1 1.32025 


Current ſets EN vs 210 E 4.266 1 


4 5 T | the * _ Py 
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Nen. 
to Bee 12.8 j=2- =; 1.10719 
the Current's Drift in 3 Hours, and conſequently the 
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Compaſs, tis evident that if the Compaſs be wrong 
the true Courſe will differ from the obſerved, and 


with the Latitude of the Place of Obſervation, we 


is to the Radius k 


—— — A 3 kd 4 n ee. 5 | y 
57 - SS xn 
C oncerning the Variation of the Compaſs, and bow to. 


Ind # from the true and obſerved Amplitudes, or 
Azimuths of tbe San. | - 


* HE Variation of the Compaſs is how far the 
North or South Point of the Needle ſtands 
from the true South or North Point of the Horizon 
cowards the Eaſt or Weſt; or tis an Arch of the 
Horizon intercepted between the Meridian of the 
Place of Obſervation and the magnetic Meridian. 
2. It is abſolutely neceſſary to know the Variation 
of the Compaſs at Sea, in order te correct the Ship's 
Courſe ; for ſince the Ship's Courſe is directed by the 


"_y 


conſequently the whole Reckoning differ from the 
Truth. * i 


3. The Sun's true Amplitude is an Arch of the Ho- 


rizon comprehended between the true Eaſt or Weſt 
Point thereof, and the Center of the Sun at Riſing or 


Setting; or it is the Number of Degrees, Sc. that 
* the Center of the Sun is diſtant from the true Eaſt 
or Weſt Point of the Horizon, towards the South or 


North. | Tt 


4. The Sun's magnetic Amplitude is the Number of ti 
Degrees that the Center of the Sun is from the Eaſt T 

or Weſt Point of the Compaſs, towards the South or 
North Point of the ſame at Riſing or Setting. 3 
5. Having the Declination of the Sun, together WM a 


may from thence find the Sun's true Amplitude, by 
the following aſtronomical Propoſition, VIZ. 


* * 


As ide Loqmne of the Latitude 


7 


r 


Variation of the Compaſs. " ; 30% 


75 is the Sins of the Sun's Declination 


to the Sine of the Sun's'true Amplitude 
which will be North or South N as the De- 


clination is North or South. 


Example. 


Required the Sun's true Amplitude i in the Latitude 
of 419, 5 o' North, on the 4th Day of May 1767. 


' Firſt, 1 find from the third Table at the End of this 
Book, that the Sun's Declination the 4th of May 
1767, is 159%, 56“ North, then for the true Amp 
tude it will be, by the former Analogy, 


As the Co- ſine of the E. 410, 50 9.87221 | 


is to Radius - - - LOOT 00900 
ſo is the Sine of the Decl. 155, 5& 9.43857 
to the Sine of the Amplit. 2 10 35/ 9.56636 


which 1 is North, becauſe the Decknation'} is North at 


that Time; and conſequently in the Latitude of 
41, 507 North, the Sun riſes on the 4th of May 
1767, 21%, 3775 from the Eaſt Part of the Hori- 
on towards the North, and ſets ſo much . the 
| Welt the lame Way. 


6. The Sun's true Azimuth is the Arch bet Uh Ho- 
riſon intercepted between the Meridian and the ver- 
tical Circle paſſing thro* the Centre of the Sun at the 
Time of Obſervation. 


7. The Sun's magnetic Azimuth is the Arch of the 


Horizon intercepted between the magnetic Meridian 


and the Vertical, paſſing through the Sun. 

8. Having the Latitude 6f the Place of Obſerva- 
tion, together with the Sun's Declination and Alti- 
tude ar the Time of Obſervation, we may find his 
true Azimuth after the following Method, viz. | 

* TS Make 
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Make it, | N 
As the 7. angent of half the Complement of the Latitude 


is to the T, N. of half the Sum of the Diſtance of the 
Sun from the Pole and Complement of the Altitude 


fo is the Tangent of half the Difference between the Diſ- 
tance of the Sun from the Pole and CO of the 


Altitude 
to the Tangent of a fourth Arch 


which fourth Arch added to half the Complement of 
the Latitude will give a fifth Arch, and this fifth 


Arch leſſened by the Complement of the Latitude 


wil Bye a ſixth Arch; z then make it 


As the Radius 

is to the Tangent of the Altitude 
ſo is the Tangent of the ſixth Arch 

to the Co ſine of the Sun's Azimuth 


which is to be counted from the South or North, to- 
the Eaſt or Weſt, according as the Sun is ſituated 


with reſpect to the Place of Obſervation. 


OR If the Latitude of the Place and Dectnarion of the 

Sun be both North or both South, then the Declina- 
tion taken from go? will give the Sun's Diſtance from 
the Pole ; bur if the Latitude and Declination be on 


it cContrary Sides of the Equator, then the Declination 


added to 909 will give the Sun's Diſtance from the 
' neareſt Pole to the Place of Obſervation. 


Example | 
In the Latitade of 519, 32/ North, the Sun having 


199, 39 North Decl. his Altitude was found by Ob- 


ſervation to be 389, 180. Required the Azimuth. 1 
| , Of 


; 
ſ 
fr 


1 8 
| * 
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By the firſt of the foregoing Analogies, it will be 
As the Tangent of + the —_— es ore on 
plement of the Latitude $79 » 14 954209 
is to the > — of : the Sum) et 
of the Diſtance of the Sun 
from the Pole and Comple- 
ment of the Altitude - -. 
ſo is the Tangent of half their | 
Difference 8 9 19 9721499 


to the Tang. of a 4th Arch - 40, 20 9.92885 


5655 or. 10.25655 


which fourth Arch 40, 20%, added to 199, 14“, half 
g the Complement of the Latitude, give a fifth Arch 
59, 34, and this fifth Arch leſſened by 38, 28", 
the Complement of the Latitude, gives the ſixth 
Arch 219, o6'; then for the Azimuth it will be 
by the ſecond of the preceding Analogies, 


As Radius - - =%- < ioo 
is to the Tang. of the Altitude 38, 18/ 9.89749 
ſo is the Tang. of the ſixth Arch 21, 06 9.58644 
to the Co-fine of the Azimuth 72 , 13 9.48393 


which, becauſe the Latitude is North and the Sun 
South of the Place of Obſervation, muſt be counted 
from the South towards the Eaſt or Weſt; and 
conſequently if the Altitude of the Sun was taken 
in the Morning, the Azimuth will be S 729, 15/ 1 

E, or ESE 4, 45 E; but if the Altitude was - 8 
taken in the Afternoon, the Azimuth will bes 
72%, 15“ W, or WSW 49, 45! Weſterly, 


9. Having found the Sun's true Amplitude or 
Azimuth by the preceding Analogies, and his | 
| magnetic Amplitude or Azimut by Obſervation, -, 8 
. dus evident if they agree there is no Variation; bur 
if chey diſagree, then if the true and obſerved Am- 
B plitudes at the Riſing or Setting of the Sun, be both j 


SW 4 + 
* 
1 
* bo ww. 
"he 1 
oa 
I 
* 
2 


— 
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of the ſame Name, i. e. either both North, or we. 
South, their Difference is the Variation: But if they 
be of different Names, i. e. one North and the — 
South, their Sum is the Variation. Again, if the 
true and obſerved Azimuths be both of the ſame 
Name, i. e. either both Eaſt or both Weſt, their Dif- 
ference is the Variation; but if they be of different 
Names, their Sum is the Variation: And to know 
whether the Variation is Eaſterly or We Nerh. obſerve 
this general Rule, viz. 

Let the Obſerver's Face be turned to the Sun, TOR | 
if the true Amplitude or Azimuth be to the right 
Hand of the obſerved, the Variation is Eaſterly; but 
if to the left, Weſterly. | 

To explain which, let NESW repreſent a Com- 
paſs and ſuppoſe the Sun is really E4S at the Time 
of Obſervation, but the Obſerver ſees him off the 


Eaft Point of the Compaſs, and ſo the true Amplitude 

or Azimuth of the Sun, i is to the right of the Magnetic 

or obſerved; here wi evident, that the EbS ee, 
0 


19 


Heuss of te — 
of the Compaſs ought to lie where the Eaſt Point is, 
and ſo the North where the N&W is; conſequently 
the North Point of the Compals is a Point too far 
Eaſt, i. e. the Variation in this Caſe is Eaſterly. 
The ſame will hold when the Amplitude or Azimuth 
is taken an the Weſt Side of the Meidian. 

Again, let the true Amplitude or Azimuth be to 
the left Hand of the obſerved ; thus ſuppoſe the Sun 
is really E& N at the Time of Obſervation, but the 
Obſerver ſees him off the Eaſt Point of the Compaſt, 
and ſo the true Amplitude or Azimuth to the Left 
of the obſerved : Here it is evident, that the E4N 
Point of the Compaſs ought to ſtand where the Eaſt 
Point is, and ſo the North where the NE Point is; 
conſequently the Narth Point of the Compals lies 
a Point too far Weſterly, fo in this Caſe the Varia- 
tion is Weſt. The ſame will hold when the Sun is 
obſerved on the Weſt Side of the Meridian. 


Example 1. 


Suppoſe the Sun's true Amplitude at Riſing is 
found to be E 149, 2o' N, but by the Compaſs it is 
found to be E 269, 120 Required che YI 
and which Way 1 It is. 


Sins they are both the ſame Way, cherefor 3 
From the magnetic Amplitude E 269, 127 N. 


take the true Amplitude - - E 14 , 20 N. 


and there remains the Variation + n 58 E. 


which is Faſterly, becauſe in this Caſe the true Am- = 
e is to the Right of the obſerved. _— 


< * 
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A | | 
1 Me oe 
Suppoſe the Sun's true Amplitude at Setting is W 
34, 26! S, and his magnetic Amplitude W 239, 13 
8 Required the Variation and which Way it is. 


Since they lie both the ſame Way, therefore 


From the. Sun's true Amplitude W 34% 260 8. 
take the magnetic Amplitude - W 23, 13 8. 


JIE 2s 


there remains the Variation 11 „ 13 W. 


Which is Weſterly, becauſe the true Amplitude, in 


this Caſe, is to the left Hand of the obſerved. 
Example 3. | 
Suppoſe the Sun's true Altitude at Riſing is found 


to be E 139, 24' N, and his Magnetic E 12%, 32 8. 


Required the Variation, and which Way it lies. 


Since the true and obſerved Amplitudes lie diffe- 


rent Ways, therefore | 
To the true Amplitude - - - E 13 24! N. 


add the magnetic Amplitude - E 12, 32 8. 


the Sum is the Variation - - 1015 25 g 56 W. 


which is Weſterly, becauſe the true Amplitude is, 
in this Caſe, to the Left of the obſerved. 


| Example 4. 
Suppoſe the Sun's true Amplitude at Setting is found 


to be W 38, 24/ N, but his magnetic Amplitude is 
Wo, 13! S. Required the Variation. 723288 


oF * 7 * 5 " 2 9 CES * * * 7 T ; C 8 ” bs. * " 9 n 
| e | : n 5 N * 
_ 0 1 p , 1 * 
4 5 
9 a - : 
WV, 1 , , | - 
ariarnen of t | 1 
l 4 ' 
- ; 
1 . — - 
5 oy [ * 
y - , 9 = p * 1 * 
" 2 9 " 
4+ © : 
— * = ® 


To 


* 
vl 


iv * . 4. ' | - 2 ; 4 / 
Variation of the Compaſs. © 


To the true Amplitude - W 8®, 24' N. 


add the Magnetic - -' - - W1o, 13 8. 


the Sum is the Variation = -- - 18 , 37 E. 
which is Eafterly, becauſe the true Amplitude is to 


the Right of the obſerved. 


Example 5. 


Suppoſe the Sun's true Azimuth at the Time of 
Obſervation, is found to be N-86?, 40! E, but by 
the Compals it is N 739, 24/ E. Required the Va- 
riation, and which Way it lies. 6 


From the Sun's true Azimuth - N 86“, 40% E. 
take Te magnerical '- - -- N 73 ,-24 E. 


— 


there remains the Variation - - 13 , 16 E. 


which is Eaſterly, becauſe the true : Azimuth is tothe 
Right of the obſerved. | 


| Example 6. 


Suppoſe the Sun's true Azimuth | is 8 3˙% 24K 
and the Magnetical S 4, 36! W. Required the 


Variation, and which Way 1t lies. 


To the true Azimuth - --. 8 3 
add the magnetical Azimuth 8 


the Sum is the Variation - - - 8, oo W. 


hich is | Weſterly, becauſe the true Azimuth i is, in 
this Caſe, to the Left t of che obſerved. 


A1 The Variation of the Compaſs was . 5 


obſerved at London, in the Year 1580, to be x1? 
2 155 


TIF 
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or is cloſe hauled, Which cauſes her to fall off — 
| | glide 


15 Eaſterly, and in the Fear 1622 it was 60, o E, 


| alſo in the Year 1634, it was 4, os' E, fil de- 


creaſing, and the Needle approaching the true Meri- 
dian, *till it coincided with it, and then there was no 
Variation; after which, the Variation be to be 
Weſterly, and in the Year 1672, it was 0 ſerved to 
be 29, 3o' W, alſo in the Year 1683, it was 4®, 300 
W, and ſince that Time the Variation ſtill continues 
at London to increaſe Weſterly ; but how far it will 
that Way, Time and Obſervations will probably 
- the only Means to diſcover. 
Again, at Paris, in the Year 1640, the Variation 
was 3, oo' E, and in the Year 1666, there Was no 
Variation; but i in the Year 1681, it was 20, 30“ W, 
and ſtill continues to go Weſterly. 
In ſhort, from Obſervations made in different Parts 
of the World, it appears, that in different Places the 


Variation differs both as to it's Quantity and Deno- 


mination, it being Eaſt in one Place, and Weſt in 
another; the true Cauſe and Theory of which, for 
want of a ſufficient Number of Obſervations, has not 


as yet been fully explained. 


8 ECT. XIV; 


The Method of Keeping a Journal at Sea, and how 10 
Corrett it, by making proper Allowances for the Lce- 


. Variation, Sc. 4 


L E- WA is the Angle that the Rumb- 
Line upon which the Ship endeavours to 


ſail, makes with the Rumb ſhe really ſails upon. 


This is occaſioned by the Force of the Wind, or 


Surge of the Sea, when the lies to the windward, 


a az = .Tc T- 


DW. OT OI 7 


9 
w 


C capes at, or endea- 
Rumb Ca; but by 


ſhe's obliged to fall 
and if that Angle be 


equal to one Point, the Ship is ſaid to make one Point = 
Lee-way, and if equal to two Points, the Ship is ſaid 


v1 | 


capes at. Thus let NE S W repreſent the Compaſs, 
and ſuppoſe a Ship at 5 


vours to ſail upon, the 


the Force of the Wind, 
and Surge of the Sea, 


off, and make her Way 
good upon the Rumb 
C5; then the Angle 
a Cô is the Lee-way, 


to make two Points Lee-way, &c. 


2. The Quantity of this Angle is very uncertain, 


becauſe ſome Ships, with the ſame Quantity of Sail, 4 | 


and with the ſame Gale, will make more Lee. way 
than others; it depending much upon the Mould 
and Trim of the Ship, and the Quantity of Water 
that ſhe draws. The common Allowances that are 


generally made for the Lee- way, are as follow: 


If a Ship be cloſe-hauled, has all her Sails ſet, 
his Water ſmooth, and a moderate Gale of Wind, 


| ſhe is then ſuppoſed to make little or no Lee- way. 


2. If it blows ſo freſh as to cauſe the ſmall Sails to 
be Om tis uſual to allow one Point. | 


3. If it blows ſo hard chat the Top-Gils muſt bo 


| cc reeft, then the common Allowance is two Points 


for Le- uch. 


4. If one Top-ſail muſt be handed, then the Ship 
is 2 to make between two 0 and three Points 


* 
{4 5. When 


Ei r „ „„ 
glide Be from the Point of the Compaſs ſhe 
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© - 5. When both Top fails muſt be handed, then the 
Allowance is about four Points for Ihe-way. 


6. If it blows & hard, as to occaſion the Fore- 
Courſe to be handed, the Allowance is between 5 © 
and 6 Points. ; ; 


bs, When both Main and Fore-Courſes muſt be 
handed, then 6 or 6 + Points are commonly allowed 


for Lee-way. | 


8. When the Mizen 1s had. and the Ship is 
trying a Hull, ſhe is then commonly allowed about 7 
Points for Lee-way. * 


3. Though theſe Rules are ſuch as are generally 
made uſe of, yet ſince the Lee-way depends much upon 
FY B the Mould and Trim 

| of the Ship, *tis evident 

that they can't exactly 

ſerve to every Ship ; and 

| therefore the beſt Way- 
N is to find it by Obſer- 
& vation: Thus, let the 

S Ship's Wake be ſet by 


> 
— 
4 
a Compaſs in the Poop, 
E and the oppoſite Rumb 
is the true Courſe made fi 
good by the Ship; then n. 
the Difference between fit 
this and the | Courſe ſte 
* given by the Compaſs in be 
the Bittacle, is the Lee-way required. If the Ship be wi 
within Sight of Land; then the Lee-way may be ex- E 
actly found, by obſerving a Point on the Land which ſte 
continues to bear the ſame Way, and the Diſtance be- 60 
tween the Point of the Compaſs it lies upon, and the My 
Point the Ship capes at, will be the Lee-way. Thus, t 
- ſuppoſe a Ship at C, is lying up NS W towards A; 


4 Þ 


but 


"'% 


2 2, Fo 
$f 


In, ES SI oY 
but inſtead. of keeping that Courſe, ſhe is carried on | 
the-N NE Line CB, and conſequently the Point B + 
continues to bear the ſame Way from the Ship: Here 
tis evident, that the Angle ACB, or the Diſtance | 
between the NSW Line that the Ship capes at, and 
the NN E Line that the Ship really fails upon, will 
be the Lee-way. 


4. Having the Courſe ſteered, and the Lee-way 


h given, we may from thence find the true Courſe by 

the following Method, viz. Let your Face be turned 
$ directly to the Windward, and if the Ship has her 
7 Larboard Tacks on Board, count the Lee-way. from 


the Courſe ſteered toward the Right-hand ; but if 
the Starboard Tacks be on Board, then count it from 


y the Courſe ſteered towards the Left-hand. Thus 

n ſuppoſe the Wind at North, and the Ship lies up, 

n within 6 Points of the Wind, with her Larboard 

at Tacks on Board, making one Point Lee-way; here 

ly tis plain, that the Courſe ſteered is E N E, and the 

d true Courſe EN; alſo ſuppoſe the Wind is at 
ay” NNW, and the Ship lies up within 6 4 Points of . 
[- the Wind with her Starboard Tacks on Board, making 

he 1 + Point Lee- way; tis evident that the true Courſe, 

p in this Caſe, is WS W. : N 

mb 5. We have ſhewed, in the laſt Section, how to 
de find the Variation of the Compaſs; and from what 


en has been ſaid there, we have this general Rule for 
en finding the Ship's true Courſe, having the Courſe 
rſe ſteered and the Variation given, viz. Let your Face 
in be turned towards the Point of the Compaſs upon 
be which the Ship is ſteered; and if the Variation be 
ex- Eaſterly, count the Quantity of it from the Courſe 
ſteered, towards the Right-hand ; but if Weſterly,  * 
towards the Left-hand ; and the Courſe thus found, 
the is the true Courſe ſteered. Thus, ſuppoſe the Courſe 
us, i ſteered is Nh E, and the Variation one Point * 3 
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— be 3 N 
then the true Courſe ſteered, will be NN E: Alſo 
ſuppoſe the Courſe ſteered is NE# E, and the Va- 
riation one Point Weſterly ; then in this Caſe,” the 
true Courſe will be NE, and ſo of others. 


| Hence, by knowing the "PP way, Variation, nd 
Courſe ſteered, we may from thence find the Ship's 
true Courſe; but if there be a Current under Foot, 
then that muſt be tried and proper Allowances made 
for it, as has been ſhewn at Sect. XII. from thence to 


find the true Courſe. 


6. After making all the proper Allowances for 
finding the Ship's true Courſe, and making as juſt 
an Eſtimate of the Diſtance as we can ; yet by reaſon 
of the many Accidents that attend a Skip i in a Day's 
running, ſuch as different Rates of failing between the 
Times of heaving the Log, the Want of due Care at 
the Helm, by not keeping her ſteady, but ſuffering 


her to yaw and fall off, ſudden Storms when no Ac- 


count can be kept, &c. the Latitude, by Account, 
frequently differs from the Latitude by bſervation, 
and when that happens, *tis evident there muſt be ſome 
Error in the Reckoning; to diſcover which and where 
it lies, and alſo how to correct the Reckoning, you 


may obſerve the following Rules. 


x. If the Ship fails near the Meridian, or within 2 


or 2 2 Points thereof; then if the Latitude by Ac- 


count, diſagrees with the Latitude by Obſervation, tis 
moſt likely that the Errorlies in the Diſtance run; for 
it is plain that in this Caſe it will require a very ſenſible 
Error in the Courſe, to make any conſiderable Error in 
the Difference of Latitude, which can't well happen 
if due Care be taken at the Helm, and proper Allow- 


ances be made for the Lee-way, Variation, and Cur- 


rents, Conſequently if the Courſe be pretty near 
he * and the Error in the Diſtance run 


regularl7 
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ee we may from the Latitude, N 
obtained by Obſervation, correct the Diſtance and 
* by Account, by the following Analogies, 


As the Difference of Latitude by Acrount 

is to the true Difference of Latitude, 

ſo'is the Departare by Account 
to the true Departure, 

axd ſo is the direct Diftance by Ane | 

to the true direct Diſtance. 


The Reaſon of this is plain; for let A B denote the 
Meridian of the Ship at A, and ſuppoſe the Ship fails 
upon the Rumb AE near the Meridian. 

till by Account ſhe is found in C, and 
conſequently her Difference of Latitude 
by Account is AB; but by Obſerva- 
tion ſhe's found in the Parallel E D, 
and fo ber true Difference of Latitude 
is A D, her true Diſtance A E, and her 
true Departure DE; then ſince the 
Triangles ABC, ADE. are ſimilar, B 
it will be AB: AD :: BC: DE and U 
AB: AD :: AC: AE. 


Example. 


My Suppoſe a Ship from the Latitude of 459, 
North, after having failed upon feveral] Courſes 2 
the Meridian for 24 Hours, her, Difference of Lati- 
le tude is computed to be upon the whole 95 Miles 
1 Southerly, and her Departure 34 Miles Eaſterly; but 
by Obſervation ſhe is found to be in Latitude af 
* 439, 10! North, and conſequently her true Diſſe- 
| rence of Latitude is 130 Miles Southerly ; then 
r for the true Departure it will be, As the Diffe- 
Un rence of Latitude by Account 95, is to the true 
ry - Difference 
5 | 
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Difference of Latitude 130, ſo is the Departure by 
Account 34, to the true Departure 46.52, and ſo is 
the Diſtance by Account 100.9, to the true Diſtance 
7 138. 


2. If the Courſes are for the moſt part near the "2 
Parallel of Eaſt and Weſt, and the dire& Courſe be | 
within 5 + or 6 Points of the Meridian; z then if the 
Latitude by Account differs from the obſerved La- | 
titude, it is moſt probable that the Error lies in the 5 
Courſe or Diſtance, or perhaps both; for in this Caſe 
tis evident, the Departure by Account will be very 
nearly true; and thence, by the Help of this, and 
the true Difference of Latitude, may the true Courſe 
and direct Diſtance be readily found uy Caſe 4. 7 
Plain . 


Example. X 

Suppoſe a Ship from the Latitude of 432 
North, after having ſailed upon ſeveral Cour s or 
the Parallel of Eaſt and Weſt, for the Space of 24 
Hours, is found by dead Reckoning to be in the La- 
titude of 42, 45 North, and to have made 160 
Miles of Weſting; but by a good Obſervation the 
Ship is found to be in the Latitude of 429, 35 
North. Required the true Courſe, and direct Dil- 
tance ſailed. 

With the true Difference of Latitude 75 Miles, and 
Departure 160 Miles, we ſhall find (by Ca/e 4. of m_ 

Sailing) the true Courſe to be 8 649, 530 W, an 
the direct Diſtance 176.7 Miles. 


1 
0 
8 
F 
a 
ſe 
N 


2 8. HF the Courſes are for the moſt part near the ; 
middle of the Quadrant, and the direct Courſe cor 
within 2 and 6 Points of the Meridian; then the the 
Error may be either in the Courſe, or in the Diſ- Shi 
tance, or in both, which will cauſe an Error ther 


both in the Difference of Latitude and Depar- the 


; — ot rn ᷣ a Bo 


* 


rence of Latitude by Obſervation; with Moe Bn and 
the direct Diſtance by dead Reckoning, 
Departure (by Caſe 3. of Plain Sailing) then half he 


Sum of this Departure, and that by dead Reckoning, 
wih be nearly equal to the true Departure; and con- 


dequently-with this, and the true Difference of Lati- 


tude, we may (by Caſe 4. of Plain TINS find the 


true Coutle and Diſtance...  . Ar 
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Exanple | funf 


Suppoſe a Ship from the Latitude of * \ 28 
North fails between South and Eaſt ſeveral 


Courſes, near the middle of the Gar for the |} 
Space of 24 Hours, and is then found, by dead 


Reckoning to be in the Latitude of 429, 15“ North, 
and to have made of Eaſting 136 Miles; — bye Ob- 


ſervation ſhe's found to be in the Latitude of „ . 


North. Required her true Courſe and Diſtance. 


With the true Diſtance of Latitude 154 Miles, 


and the direct Diſtance by dead Reckoning 197.4 
you'll find (5 Caſe 3. of Plain Sailing) the new De- 
parture to be 123.4, and half the Sum of this, and 


the Departure by dead Reckoning, will be 124.7 the 


true Departure; then with this, and the true Diffe- 
rence of Latitude, you'll find (2 Caſe 4. of Plain 
Sailing) the true Courſe to be 8 397, oo! E, and the 
direct Diſtance 198.2 Miles. | 


. In keeping a Ship's Reckoning at Sea, the 
common Method- is to take from Log-Board, 
the ſeveral Courſes and Diſtances GR by the 


Ship the laſt 24 Hours, and to transfer theſe toge- 

ther with the moſt remarkable Occurrences into 

the R in which alſo are inſerted the Courſes 
Y 


corrected, 


6 . | I ee . OE £5 3 
"le, to chip which, having found the chi Die I | 


"es, and the Diſrenc Pa Latitude and Dif- 


Frrace. of RE pon cach then 
the Whole Work 1 0 


uy 
Bajſh'd in L- 
TLattude by Obſervation, the Ship's: Place will be 
truly determined; if not, then the Reckoning muſt 
be corrected according to the procading Rules d 


placed in the Journal. 


The Form of the Lx Boot — Journal, mer 
with an Example of 2 D Work, you have here 
Phones pr 


Note, To expreſs: the Days of he Week, they 
commonly uſe the Characters by which the Sun * 
Planets are expreſſed, viz. O denotes Sunday, Y Mon- 
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Day of —— — 


Fair Weather, at 
four 8 Afternoon 
I took my Departure 
from the Lizard, in 


— 
| | the Latitude of 50 
5 7 Noli ie bearing 
6 7 NN E, Diſtance five 
— Lag Ts: 
7 i - £ 1 
A 7 * 0 WET} 
1106 81 rr 6M 5h 47 
12 9 1 The Gale inecreaſ- 
——1— ing and being under 
44 61 all our Sails. 
1 21 661 After three this 
— —— Morning, frequent 
4 5 Showers with thick 
51 711 Weather ttill near 
66 8 Noon. Io 
| 8| 5 " | 
81 8] | | 
9] 8] 1 The Variation 1 
— — — a reckon ww TO a one 
110] 9]. I | Point Weſterly. 
11] 8] 1 J 
12181 £2 2 
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Hence the Ship _ 1 his TH to * 
itude of 479, 46 North, and has differkd her 
ngitude 20, 5 7 Weſterly ; ſo this Day I have made 


y Way good 8 317% 31“ W. Diſtance! 157-4 Miles, 
Ep ie me N 317, 3E 4 


— — — — 
_— — — —— 


198770 Miles, and having ebfeived he Li 
titude, I found it agreed with the Latirudefby A 
count. | 
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2 Winds. 
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SSW W 
Handed the Main 
Lee-way 6 Points. 
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we nied fil. 


Set Main-Sail, Lee- 
way 4 2 Points. 


FAG, we 
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SBE SW 


way 3 Points. 


and Fore Courſes 


N . ieh 
The Wind increaſ- 
_ -j10g, 
TEL | Lee-way 7 Points. 


SWW NWZ W 


SW 4 
Set Fore-ſail, Lee-| 


Lat. by Obſerva- 


2 


Odſervations and 
Accidents. &— 


1 


tion, 47 6 N. 


ö 


| 


| 
| 


The 


Eaſt, Diſtance 170.6 Miles. 


Hence the Ship, 893 has come to the 
Latitude of 425 ; 51 7 North, and has differed her 
Lo gitude 49/ efly ; conſequently ſhe has got 

ths; to the Weſtward of the Lizard, ,and has 
hy her Way e 24 8 S 4g* E 0B! E, 
Diſtance 44-3 


At Noon the Lizard bore from me North 199, of 


This Day 1 had an Obſcrvatioa, and found the 


Latitude by Account to diſagree with the Latitude 
much 


by Obſervation by rt Minutes, I being fo 
further to the Southward than by dead Reckoning, 


which by the third of the preceding Rules N correct 


as in the Journal. 
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SECT. „ 
© Of MENSURATION. N 


Def. PH E Area of any plain Surface in Inches, 

Feet, or any other Meaſure, is the Num- 

ber of ſquare Inches, Feet, Sc. that the Surface con- 
tains. 

1. Let A BCD repreſent a rectangular Parallelo- 


gram, and ſuppoſe the Side A B, or DC contains 


D - C eight equal Parts, 
8 [ *þ:i4 46140 r and the Side A 

fr OH 4 6þ H or BC three of the 
Ef F ſame Parts; then 


A 


4 


_— W _— 


AE or FB, the Diſtance of it from it's firſt Situation, 
may be equal to one-of the equal Parts: Here 'tis evi- 
dent, that the generated Parallelogram AB F E will 
contain as many Squares as the Side A B contains equal 


Parts (in this Caſe eight), each Square having for it's 


Side one of the equal Parts into which A B or AD is 
divided. Again, let AB move on till it comes to 


GH, ſo as G E or HF may be equal to A E or B F. 
then 'tis plain that the Parallelogram AG HB will 
contain twice as many Squares as the Side AB contains 
equal Parts, each Square having one of the equal Parte 
into which A B or A D is divided, for it's Side; and 
by the ſame Way of reaſoning it will appear, that te 
Parallelogram AD CB will contain three Times as _ 


many Squares as the Side A B contains equal Parts: 
and, in general, that "wy rectangular Parallegram 


contains 


tek 2 


1. 1 B let the Line A3 
be moved along in 
the Direction of AD "ill it has come to E F, where © 


. . £ # 
. 1 
— 8 — — — © - 
_—_ * 3 : 


n OMEN suRATION. 
'* contains as many Squares as the Product of the Num- 
ber of equal Parts in the Baſe multiplied into the 


Number of the fame equal Parts in the Height con- 


© 


of this Rule is evident from Art. 69. Sell. I. 


tains Units, each Square having for it's Side one of 788 


the equal Parts. 
Hence ariſes the Solution of the following Pro- 
blems. | 


Problem I. * 


To find the Atea of n rectangu lar Parallelogram. 
- Rule. Multiply the Baſe into the perpendicular 
Height, and the Product is the Area engine, ; 


- 


Example 


a Suppoſe che Baſe AB (ſee the edi Fi 
of the rectangular Paralle i BCD. gar) 


Inches in Length; and e ec Kor three 


Inches, required ain, 
Inches. 


6 the Baſe AB ES 10 N 
e eee e 


Product 18 #8 be e of the Parallelogram a 
in Inches. | 


* 


Pali 4. | 


To find the Area of an Oblique-Angular Pace 
m. . { 

45 Multiply the Baſe into the nmr 

Height, and the Product is the Area. The Reaſon 


Of MENSURATION) 33% 
vo agate xk 111 7 fI- SAAD 
> Ter e Example. 4665 1 
- Suppoſe the Baſe 2 dog 
AD, of the Oblique- 7c 
Angular Parallelo- + 7 25 
tam A D CB is 30 iS 
Fe ches, and the Per- — 5 


ndicular B E 12 

hes. Required the Area in Inches. 

Multiplying zo the Baſe into 12 the perpendicular 
Height, the Product 360, is the Area or Number of 


ſquace ioches conenined i in the Figure. 
_ Problem 3. 1 | 
To find Area of « Triangle. 


Rule. Multip ty the Bale into half the 8 
lar Height, 21 fro Product is the Area required. 


The Reaſon of this Rule is WY * Cor. 3. 22 68. 
dell. 1. 


. 
3 „* 


% 
, * 1 ” 
q * * 9 
Example . 0 ' " 


In 2 ABD, n che Baſe AD is . 
56 Feery, and. the fer- „ 
pendicular BC 14, Re- 
quired the Area. 
The Baſe 56, multi- 
pled into 7, half the © 
Perpendicular, gives 394 the Area « or 12 Fee 
— ine, 151 


Problem 4 LT; 
een the Ares of a irregular Figure. 


= # 


* d. . * 
0 * oY — 
fo . x 


„ _oFMENSURATION 
"» e. 2 F AT 1 0 N. 
= - Rule. Reduce the Figure to Triangles by drawing 


- 


angle, and the Sum of theſe is the Area of the pro. 


Example. 
ABDFHGEC. 


Draw the Diagonals E H, E F, ED, DC and DA, 


| which will divide the Figure into fix Triangles, in 


each of which let fall from any 2 it's Angles a 
Perpendicular to the oppoſite Side; then ſuppoſing 
the Lengths of theſe to be as they are exprefied in the 
* Figure, the Operation will ſtand as follows : 


2 e 
9 Nis 1 81 | 
2.5 U into) 16 i040 The Area of 
1.5 7125.8 { che Triangle 
V * 


de te ti Gh 
HH 
An 


HFPl igure. 


"4 


Diagonals therein; then find the Area of each Tri- 


Required the Area of the irregular Figure | 


(2 343:5: the Area of the whole Fi- 
Problem 


00 


Co from the Center up- 


CL ME NSURATION: 


4 nete Ach di att 


Nl At » 1 24 


70 find = Area of any gular wa 
Rule. Through any three of the angular: Points, 


draw a Circle (by Prob. 8. Sect. I.) which will paſs 
through the reſt alſo; then from the Center of this 
Circle let fall upon any of the Sides a Perpendicular, 


and half this perpendicular multiplied into the Sum 
of the Sides, will give the Area required. 


Example. 


231 Hh; , 


Required the 3 of. _ 
the Heragon AB HD Ennio A 
E F, the Center of whoſe % 7 | 
circumſcribed Circle is 
C, and the Perpendicular __ 


on one of the Sides is 


20.8, each Side of the * 


Polygon being 24. 
The of the Sides 


is 144, WAI ich multiplied by 10.4 „ half the 3 


cular, om 1497: 6, the Area of the propoſed Hex- 


en. 


2. It has been found by Calculation, . if the 
Diameter of a Circle be 1, the Circumference of the 
ſame will be 3.1416 nearly; and conſequently the 
Diameter of any Circle will be to it's Cireutſercace 
as 1 to 8.1476, & e contra. aun} 3} wid 

4 

Cor. 1. Hence, multiply ing the Diconcs of any 


Circle by 3-1416, the Product will be the Circum- 


ference. Thus, let the Diameter of a Circle be 26; 
the Circu pin of the Omen Circles 0 


9 


* e 


# * 28 os * 
— «> gf . = 
» Problem 5; 5 OMG ASH 
* 
M96 


then 36 multiplied by 3.1416 will give 118998 _ 
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ä : _ 
* af CHAZ 35- ® 
Y . 4 a > 
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453 > _ 
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"of MENSURATION, 


or. 2. Hence, dividing the Circumference of a. 
Circle by 3-1416, the Quotient will be the Diameter. 


So if the Circumference of a Circle be 75.2984 ; then | 


this divided by 3.1416 wilt Sire 24 the ametcr of 


the propoſed Circle. 
No a Circle being a Polygon of an nite Num- 


| ber of Sides, the Sum of all which is the Cirrumſe - 


rence, and the Perpendicular on any of them, the Ra- 


Problem 6. : 
Given the Diameter of a Circle, to find it's Area. 
Ruiz. Firſt find the Circuitiferetics (by the firſt-of 


the preceding Corollaries) then multiply An 255 half 


the * and the Product i is che Area. 
; WS. Example | 


F) | Required the Area of a Circle won Diameter is 36 


Firſt, 1 find che Circumference is 11 3; 0996, which 
multiplied by 9, half wi Roe, 1 5 9984 itn 
the Area required. 632. © | 


Problem 7. 


Tbe Circumference of a Cirele given, to o find it's 


Area. | 
- Rule. Find the Diameter, by Cor. 2 3 his N 


y the Circumference by half the Radius, and the 
ee is oy Area. 


| Required the Area of a Circle, whoſe . 
ip, 


- Of MENSURATION. 336 
. 1 lind the Diameter to be 243 then multi- 
f . 75 the Circumference 75.3984 by half the Radius, 

vis, l 45k 2904 8 x the dh required:. | 


1 of 110 IN Prob 8. OY 
ro find the Ares of an Eur 8 


Kull. Multiply the greateſt ume into the 
laſts and the 8 into Tt and this laſt Pro- 
. is the. Area. 


* » h * 


| ADEN. 9912 11 


A vs 
Suppl in the « Eli ABCD ) the. greazſt Dia, | 
308 I 
— Lows 
1 . 7 N ko 
y O 14 le N 
g 7 jA — — Ty 
. _ 0 ; 
1 (| % | £ 
>> Wo 
US ng a. N 


5 meter A c is 26, and the leaſt Diameter y D 20, 
5 Required the Area of that EllipſG | 
Multiplying 36 into 20, the Product is 1 which 


i- multiplied into 78 54, gives 565 488 the Area "7 the 
ne N Ellipſe. r 
3. A 


= wy ” Of MENSURATION. 58 


913. 4 9a; is that which has Length. sh, and 
Thicknels. is of v9 * NS = elt en 
neee 4. A-Cube'is à Solid 

ma bounded by ſix equal 
Squares. Thus the So- 
lid ABC GFE H 
bounded by the fx e- 


„ AB H E, B CH, 

. ane © If FEI is 4 
E F Cube. | 
If the terminating Squares be ſquare Inches, then 
the Solid is called. a Cubic Inch; if ſquare — a 
Cubic Foot, c. 99 
5. The Solidity of any Body i in 8 Feer, Sc. 

is the Number of Cubic Inches, Feet. Sc. the Body 


contains. 
6. A Parallelipiped is a Solid terminated by fix 


' Quadrilateral Figures, of which each two oppoſite 
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to one another are e and parallel, as AB c G, 


FDHE. 
The Solidity of this Body is found by multiplying 
the Length, Breadth, and.Thickneſs, into one an- 


other: and the Product is that required. 


| Example Suppoſe in the Paralleliped ABC 
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the Cylinder, be 6 Inches, and the [cnet AF 26; 


(by Problem 6.) which multiplied into the Length 36, 
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The Area of the Surface of a Globe, is found by 
Herence of 
a great Circle upon it. Thus ſuppoſe 1 
of a Globe is 16 Inches; then the Circumfetence of a 
great Circle upon that Globe will be 50. 656 which 
multiphed by 16 th Diameter, gives $04.24 6 for 
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eter of the two Baſes atid the Height of the Hu- 
Put given. Let FB DG fenote x >tuftum of the 


Coe 28 55 the Diameter of the Baſe,” and the 
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S ue the Center of the Bae C with the right 1 
* will paſs thro 
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AG the H Height of the whole Cone, . 
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Example. Suppoſe the greateſt Diameter of the 18 | 

tu um of a Cone is 8028 and the leaſt 12, and the Height 
12 3 then the Difference between the two _ Senidia- 
meters will be 4, and making it as 4: 10: 12 30; 
we have 30 for the Height of the Whole Cone, | 
from 30 taking 12, there. remains 18 the Height. of 

the laſt Cone; ſo the Solidity of the whole Cone is 
3141.6, and the Solidity of the leaſt Cone is . 56, 
the Difference of theſe is 2463 0144, which is the So- 
lidity of the propoſed Fruſtum. 

The ſuperficial Content of a Fruſtum of a Cone i is 
found by adding to the ſuperficial Content of the whole 
Cone, twice the Area of the Baſe of the ſmall Cone, 
and from/that Sum taking the ſyperficial Content of 
the ſmall Cone. | 
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the following Problems, to 0 bY eights 
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Let 
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find the Side AD it vil. 
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Let the two othes, be A and B, to which we can- 


not approach, being hindered by a River, Sc. aſſume 


B in ſome convenient 

Place two Points C 

. . and D, frem each of 

which you can = 
the two Objects; and 

- meaſure! the Diſtance 

between them ; then 

at the Paint Q ob- 

ſerve the Angle A 

CDadDCB, Hed obſerve the Angles C DB 


and C D A; ſo in the Triangle CD B are given the 
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two Angles B CD and CD B (and conſequently the 


Angle CBD) and the Side CD; whence ta find CB 
it will be, S, CBD : s, CDR: CD: CB. / Again, 


in the Triangle ACD are given the tw Angles ACD 


and ADC (and conſequently the Angle CAD) and 
the Side CD, whence ta find AC it will be, 
S CAD: S, CDA : : CD: CA. Laſtly, from 
the Angle ACD take the Angle D C B, and there 
will remain the Angle AC B; then in the Triangle 
ACB are given the two Sides AC and CB, and the 
included Angle AC B, whenee AB, the Diftance 
between the two r is "_ * * 5. 7 Go 
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Let ABC PE repreſent the Field; and b rſt ſup - 
you are to plot it with the Plain-Table. Har 
ing planted the Table with a Sheet of white P 
fixed upon it, in or neat the Middle of the Field, 
at G; mark a Point upon the Paper to reſent the 
Point of the Field on which the Table ſtands; and lay- 


ing the Edge of your Index upon that Point, and 


keeping it there, turn it about ſo, as you can through 
the Sights ſee one of the Angles, as A.; then from 
the Point, along the Edge of the Index draw the Line 
GA, and meaſuring. the 
Diſtance on the Field 
from the Plain- Table to 
the Angle at A in Chains 
and Links, take it from 
any convenient Line of 
equal Parts, and ſet it off 
upon the Paper, from G 
to A along the Line GA; 
then (keeping the Table 
ſtill fixed as it was) turn 
the Index ſo, as it lying 
with it's Edge upon the Point G, you may thro the 


Sights ſee che Angle B, and drawing the Line G 


meaſure the Diſtance 5 B in the Field, which ſet o 

upon the Table from G to B; after the ſame manner 
drawing the Lines GC, GD, and GE, and j joining 
the Extremities of them with the right Lines AB, 
BC, CD, D E, and E A, the Fleld is protracted, 


and the Lines B A, AE, &c, taken from the Scale 


from which you protradt the reſt, will give the Length 
of hem 3 in the Field. 
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© Meridian Line of the Card ori let NS re- 
* fron, 8. to the 


ge” | ; 


* 


c 


F 


F 7 


** 5 
| or, the Bearing of A, which Tuppoſe to be & 
"10%. 24 


7 TP * 
is. 
: 
71 7 


70 and obſerve the Number of Pegrees 
cuts, 


E, and place this in the Field- Book, toge- 
ther with the Diſtance in Chains and Links Com G to 


A, and proferding the ſame Way with the reſt of the 


Angles, you will have the Bearing of each Angle from 


the Meridian, together with the Diſtance of each from 
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the Inſtrument, in your F ield-Book, the Form of 


which follows. 3 


The FIELD-BOOK. +> 


Angles] Bearings |Chains Links| emarks 8 

| A 16, 24 E 7, 20 l 
B 5 73,35 E 7 5 

e 19, 13% KK 7 (66 | N 

1 54, 36 W 6 | 65. |. | / 

"> N 59, 4oWl 7 26 | - | 


The Table is ruled into five Calves ; in the gutt 
are marked down the Angles expreſſed by Letters, or 
any other Characters at pleaſure; the ſecond contains 


the Bearings of theſe Angles from the Meridian; the 


third and fourth their Diſtances in Chains and Links 


from the Place of Obſervation, and the fifth is for any 


remarkable Occurrence.. 

Having marked down the Bearings M al the Angles © 
in the Field from the Meridian, together with their 
Diſtances in Chains from the Place of Obſervation in - 


your Eield- Book, you may afterwards protract it 

upon Paper in the following manner, viz. Aſſume 
any convenient Point in the Paper to repreſent the 
Tings 1 eee and een it draw a Line 


repreſenting 


- 


% ce rf 


teprelentiug the Mitidiar; then tom rhe a 
Lines making Angles with the Meridian as in the 
Field-Book, and fet off from the fajd” Point upon 
theſe Lines the ſeveral Diſtanes exþtefthd it the Field- 
Book, taken from any Scale of equal Pafts. Laſtly, | 
Joining the Exttemities of them with right Links, 
the Field wilt be protracted; atid the Area of it in 
Chains may be found by rab 4. Kr, XV. which 
divided by 10 will give the Area in Acrès. 

The Method of plotting a Field by the Semicircle, 
Circumferentor, &c. differs ſo little Rem the Way of 
doing the fare by the Theodolite, that it woukl be 
_ altogether needleſs ro ſhow it in each of them. 
When the Angles of the Field are at ſuch a Diſtance 
from you, that you cannot perfectly we them 
from your Station; then pur Marks a white Paper, 
or Pieces of Linen at A of them, fo as you may 
ealily ſee them. 

If it be more convenient to plot the Field at one 
Station in or near ſome Corner of the Field; then 
you are to do it the ſame Way by the Plain- Table, 
Theodolite, or any other of? the Inſtruments, as 
Fig.” your Station was in or near the Mache of the 

ld 4 . 


Problem 4. 


TY ot 2 Field at two statibus near the Middle 
thereof, the Diſtance between which Stations is 
known, and from each of which aus Angles i in the 
Field can be eaſily ſeen. 

Let the Field to be plotted be EPOCHE, in 
which chuſe two convenient Points A and B near the 
Middle, from each of which you can perceive all the 

Angles, and the Diſtance between which you know; 
chen if you are to plot it by the Plain - Table, plant 


che ＋ able upon the Point A, and mark a certain 
| | Point 


e SURVEYING. .. ' 

Point” Upon the Table to repreſent; it, upon wWhick 
15 the Edge of the Index, and direct che Sights 40 

| the other Statioh B, and by the Side of the Index 
draw. AB, then from A along that Line ſet off a 
Line A B, taken from any convenient Scale of. equal 

Parts, equal to the Diſtance between your two Sta- 
tions ; then lying the Edge of your Index upon the 


” 
———— 2 —üñ—E—6—̃—n 


| 
| 
| 
| 
1 
Point-A, and directing your Sights to D, draw te 
Line AD; the ſame Way keeping the Edge of the | 
Index on A, direct the Sights to all the other Angles | 


of the Field ſucceſſively, and draw the Lanes A E; : | 


e AF, Sc. then remove the Table to the other Station | 
s B, and laying the Edge of the Index along the Eine | 
Ee | 


AB, turn the Table about till you can thro' the Sights 
ſee the other Station A, and fixing ths Table; lay 


in the Edge of the Index on B, and direct the Sigh | 
he to D, and draw the Line B D, which will interſect | 
he AD in D; the fame Way keeping the Edge of the | 
Wn; Index ſtill on the Point B, direct the Sights to all the 
nt other Angles of the Field, and draw the Line BE, 


B F, &c. which will interſe& the former Lines drawn 
TIER 25 from 


N +. WS | 
* . 
: b 
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of Ea» ints E, F, G, Ec. and joi ing theſe 
Points with right Lines, you'll have the P t or the 
Field, and the Lines D E. E F, &c, taken from the 
fame Scale of equal Parts that AB was taken from, 
will give the Diſtances of the Angles in the Field from 
one another. Laſtly, the Area of the Field being 
thus protracted, may be found by Prob, 4. F. the 1, 25 
Section. 
In plotting of a F jeld at two S you ought to 
take the Stations as far aſunder as conveniently you 
can; for the nearer they are together, the more Dan- 
ger there i is of contracting an Error, & e contra. 
To plot the ſame by the Theodolite; having fixed 
the Inſtrument in one of the Stations as A, turn it a- 
bout till the Needle be directly over the Meridian 
0 Line of the Card; then turn about the Index 'tilf you 
can through the Sights ſee the other Station B, and 
obſerve the Bearing of it from the Meridian, and 
meaſure the Diſtance in Chains and Links, both 
which ſet down at the Head of the Field-Book. Thus 
AB S 759, 23 E——3 Chains 24 Links. 
Then turn the Index to_ the Angle D, and obſerve 
it's Bearing from the Meridian, and the fame Way 
turning the Index to all the Angles of the Field, 
obſerve the Bearing of each of them, which ſet down 
zn the Field- Book in the ſecond Column, marked at 
the Top thus, Station A. Then go to the Station B, I 
and fixing your Inſtrument as before, turn the Sights 
| to the Angle D, and obſerve the Bearing of it from 
the Meridian, and the ſame Way turning the Sights 
dz the reſt of the Angles, obſerve the Bearing of each 
„ of them, which mark down in another Column of 
4 pour Field-Book, marked at the Top with Station B, 
and your Work in the Field is finiſned; the plotting 
of which u "pic is ſo plain and eaſy, that 1 ir needs 
no Ex 
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"OOTY Of SURVEYING _ © gg 7 
By this Method the principal Places in a Survey ß. 
a County, or any large Piece of Ground, may be placed | 
in a Map, vis. By making Choice of two Eminen- 
ces for your two Stations, the Diſtance between-which 
you can meaſure, and from each of which you can 
ſee all the principal Objects, ſuch as Churcbes, Caſtles, 
Hills, Gentlemens Seats, and whatever elſe is remark- 
able in the Ground you are ſurveying. X 
If all the Angles of the Field can't be ſeen at two 
Stations; then make Choice of a third, from whence 
you can ſee any of the former two, and the Diſtance 
between which you can meaſure ; and if that be not 
ſufficient, then uſe a 4th, ;th, Sc. Station; by which 
means you will always have two Stations to proceed with 
through the County you are to ſurvey, be it ever fo 
large; and even in a Field where you can take the 
Survey of it at two Stations alone, the chuſing a third | 
Station from whence you can ſee one of the former 3 
ones, and alſo all the Angles of the Field, and thence | 
taking the Plot of it as, before, is a ſure Way of 
proving your former Work. 1 


„ 


7e | 
y | Problem 5. 
vn To plot a Field by going round it. 3; 

at r W e 
B, Let the Field be ABC DEF, and ſuppoſe you are 
ts to plot it by the Plain-Table. Having fixed your 
om laſtrument at any of the Angles of the Field as A, 
hts mark a Point upon the Paper to repreſent it; then 
ach lying the Edge of the Index upon A, turn it about 
of till through the Sights you can fre the adjacent Angle 
; B, F, and along the Edge of the Index draw the Line 
ing AF, which meaſure in the Field, and taking that from 
eds any Scale of equal Parts, ſet it off upon the Line AF 
5 on the Table from A to F; then move your Table 

| from A to F in the Field, and fix it fo as the Edge 

By ef the Index, lying on the Line FA, you can thro 


Aa *. the 
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CO Nr re Eng the Bags of 
A. B the Index on F, tutn 
0 it about till . 
the Sights you can 
fee E, and draw 
the Line FE, which 
meaſure in the Field, 
and taking it from 
the ſame Scale, ſet it 
3 off upon the Table 
D from F co E: after 
the ſame Manner 
b with the reft of the Angles, you will 
have the Plot of the Field. 


- To plot the fame by the Theodolite. Having 
placed your Inſtrument at the Corner of the Field 
yon are to begin from, as at A, ſet the Index at 
oo Deg. oo Min. then turn the Inſtrument about, 
with that End of the Index forward (or towards F) 
that lies upon oo Deg. oo Min. *tifl you can through 
the Sights ſee the Angle F; and there fixing the In- 
ſtrument, turn the Index about til you can through 
the Sights ſee the Corner B, and mark the Degrees 
(in your Field- Book) cut by the Index, which will 
be the Meaſure of the Angle F A B, and meaſure 
A F, in Chains and Links, which alſo mark dern 
in your Field-Book; then remove your Inſtrument 

to F, and placing the Index upon the Beginning of 


the Degrees as before, turn the Inſtrument about till 4A 
you can thro the Sights ce the Corner A, and fix. 

ing the Inſtrument there; turn the Index about *till A] 
you ſee thro? the Sights the Corner E, and mark the 
Degrees cut by the Index in your F ield-Book; which AS 


* ; will be the Angle A FE, then meaſure FE in Chains 
w and Links, which alſo mark down in your Field- 
Book: the ſame "er proceeding with the reſt ry the 

"Ip 2 ngles 
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At 3 down the Quantity of each, together - 
with the Diſtance: from the preceding, in your Field. 
Book; and thence you may project it at leiſure upon 
Pa 

This Method of plotung a Field by going round 
it, is much leſs liable to Error than any of the two 
former ; and is more eſpecially uſeful in meaſuring 
large Fields, or Fields upon which are Woods or 
other Things to obſtruct the Sight, in which Caſe 
the other Methods are impracticable. 130 


— —„— 8 E — 3 > 
. XVII 
of GAUGING. 
1. XX E have ſhewn in Sect. XV. how to find the 


| Solidity of ſeveral Sorts of Bodies, in In- 
ches or Feet, Sc. which Solidity (if taken in In- 
ches) divided by the Inches contained in a Gallon, 
Buſhel, &c. will ſhew the Number of Gallons, Bu- 
ſhels, Sc. contained in the Veſſel. : 
The Number of ſolid Inches contained in 2 Gallon, '2 
Buſhel, &c. as W by Act of ann 3 
a5 follows : | 


A Gillon of Ale or ter) ( 282 


of Wine 3 231 | 

of Corn ; 268.8 * 

A Buſhel of Malt 31 50.4 Solid ow 
of Coals 2246 | 


A Scots Pint 102.3J & . 


Aaz2 2. In 


355 * 


2. In Gauging, the Veſſels that are not cylindri- 
 *Eal are commonly reduced to Cylinders, and their 
Solidities found as ſuch. 5 | 
A Caſ having different Diameters at the Head and 
Bung, 1s reduced to a Cylinder, by taking the mean 
or equated Diameter between the two for the Diame- 
ter of the Cylinder equal in Length and Solidity to 
the propoſed Caſk ; the common Method for find- 
ing the equated Diameter, and which ſerves pret 
juſtly in moſt Caſks, is this, viz. Multiply the Dif- 
| ference between the head and bung Diameters by .65, 
and adding the Product to the head Diameter, the 
» Sum will the Diameter of a Cylinder of equal 
Length and Solidity with the Caſk. | | 
Hence we have the following Rule for finding the 
Content of any Caſk in Vine, Beer, &c. the head 
and bung Diameter, and Length of the Caſk being 
given in Inches; viz. Find the equated Diameter 
between the head and bung Diameters of the Caſk, 
and thence find the Area of the Circle belonging to 
| that Diameter; then multiply this Area by the Length 
Hof the Caſk, and the Product will be the Solidity of 
p the Caſk in Inches, which divided by the ſolid Inches 
contained in a Gallon of Wine, Beer, &c. will give 
the Content of the Caſk in Wine, Beer, c. 


* 


Example. 

＋ ION * 
HK | * th; 
Let it be required to find the Content of the Caſk Li 
AEDB in Wine Gallons, ' whoſe head Diameter the 
AE or BD is 26 Inches, the bung Diameter FC the 
34 Inchas, and the Length GH 55 Inches. be 

Ihe Difference between the head and bung Dia- 
meters is 8, which multiplied by .65, gives 5.2, and, 4 
this added to 26, the head Diameter, makes 31.2 for Wit 
one 


the equated Diameter, or Diameter of the . 
e 2 5 | | og: equ 
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equal in Length and Solidity with the propoſed Call 
the Area of whoſe * * 8: a8"? 
Baſeis764.539776 N 
which multiplied 
into 55the Length, 


ves4 2049.668768 
fr the Solidity in 
Inches; and this 
divided by 231 the 
ſolid Inches con- 
tained in a Gallon 
of Wine, gives C 


182. 03328 for the Content of the propoſed Caſk in 
Wine Gallons. ü 


3. If the propoſed Caſk be ſtanding with it's Axis 
perpendicular to the Horizon, and is not quite full of 
Liquor; then in order to find the Contents of the 
contained Liquor, you muſt find the equated Diame- 
ter, as above, and thence the Area of the Baſe of the 
Cylinder, the Caſk is reduced to; which multiplied 
into the Depth of the Liquor, will give the ſolid Con- 
tent of the contained Liquor in Inches, and this di- 
vided by the Inches in a Gallon of Wine, Beer, Sc. 
according to the Liquor contained, will give the Con- 
tents of the Liquor in the Caſk. 4 pr 

This Rule more eſpecially ſerves when the Caſk is 
more than half full of Liquor; but when it is leſs 
than half full; then the Content of the contained 
Liquor is better found by ſubtracting the Content of 
the empty Part of the Caſk (found as above) from 
the Content of the whole, and the Remainder will 
be the Content of the conta iq 


4. In Gauging, by the Area 'of any Surface in 
Wine, Sc. Gallons, is meant the Content of it at 
one Inch Depth. Conſequently the Area of a Cir- 
cle one Inch Diameter being. 7854, this divided by _ 

5 A 33ͤ 
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482, will give .002785 for the Content of that Circle 
one Inch Depth in Ale or Acer Gallons, and the ſame 
divided by 231 will give .0034 for it's Content in 
Wine Gallons ; and ſince Circles are to one another 
as the Squares of their Diameters; therefore, As 1, 
the Square of one Diameter, is to. oog4 or .002785, 
the Area of that Circle in Wine or Ale Gallons; So is 
the Square of Diameter of any other Circle, to the 
Area of that Circle in Wine or Ale Gallons ; hence 
ſince the firſt Term of the Proportion is Unity, it 
follows that the Area of any Circle in Wine or Ale 
Gallons is found by multiplying the Square of the Di- 
ameter by .0034 for Wine Gallons, and by .00278; 
for Ale Gallons, and this Area multiplied into the 
Length of the Caſk to which the Circle belongs, will 
give the Content of the Caſk in Wine or Ale Gallons; 
and hence the two Numbers .0034 and. 002785 are 
called Fixt Multipliers. | | 

Again, If 1 be divided by the former Numbers 

Hog and .00278,, there will be produced their Re- 
ciprocals 294.12. and 359, with the firſt of which, 
dividing the Square of the Diameter of any Circle, 
the Quotient will be the Area of that Circle in Wine 

Gallons; and if the ſame be divided by the laſt, the 

Quotient will be the Area of that Circle in Ale Gal- 
Jans ; hence theſe two Numbers 294.12 and 359 are 
called Fixt Diviſers, and in Practice are commonly 
made uſe of by Gaugers. : 

5. When a Caſt is lying upon its Side, with the 
Axis parallel to the Horizon, and is not full; but 
the Surface of the contained Liquor cuts the Heads 
of the Caſk; then to find the Contents of the Li- 
quor contained in the Caſk, we muſt firſt know how 
to find the Area of any Segment of a given Circle. 
In order to which, 

Let AE BH repreſent a Circle, whoſe Diameter 

AB is 2; then (by Cor. 1. Art. 2. Sect. XV.) the 
Circumference of that Circle will be 6.2832, and the 

| l Area 


is double the Area; and ſince 


c Audix G. 359 
Area 3. 1416 (by Prab. 6. Sect. XV.) Hence tis evi- 
dent, that if the Diameter of a Cycle be two Inches or 
Feet, &c, the Circumference of that Circle will con- 
tain. twice as many Inches or 
Feet, Sc. in Length, as the E 
Area of it contains ſquare C. 


Inches or Feer, & he DA RJ 
Length of ts ie ney a hes 


the Area of the whole Circle, 


| is to. the Area of any Sector Lia 
of it, as the Length of the 92 


H 
whole Circumference, to the 
Length af the Arch of that Sector; it follows, chat 
the Length of half the Arch of any Sector of a Circle 
whoſe Diameter is 2, is equal to the Area of that 
Sector. Sa in the annexed Scheme the Length of 
D E, half the Arch of the Sector DCF E will be 
the Area of that Sector. 5 

In the annexed Scheme, ſuppoſe G E (che raked 


Live of half the Arch of the Lector CF E.) to be 


equal to. 4: then fince the Radius CE is 1, tis 
evident C G-· (the right Sine of D A, the Complement 
of DE half the — of the SeQor) will bo equal 
to. 6; ſo making it as 1 is to. 6, or {to avoid Fracy 
tions) as 100, is to 60, ſo is the Radius of the Ta- 
bles, to a fourth Number; this will be the Sine of 
A D, and looking into the Table we ſhall find it an- 
ſwer to 36.87 Degrees; the Complement of which, 
viz. 53.13 Degrees 1s the Arch D E; which multi- 
plied by. o17453 the 735 of 6.2832, gives. 92727789 
for the Length of the Arch D E, which is equal to 
the Area of the Sector DEF C. 

Again, In the right-angled Triangle C G D. tis 
evident by Cor. 1. Art. 70. Se. I.) if from 1 the 
Square of C D we take .36 the _ of CG, there 


will remain. 64 the "ns of DG, the ſquare Root 


of which, viz. . 8 is equal to DG, and Re doubled 
| 9aa 4 gives 


i 


460 


- Viz. 3: .1416, is to the Segment belonging to any Part 
of it's Diameter, So is the Area of any other Circle, 
to the Segment belonging to the like Part of it's 


Of G A U 6 IN 6. | | 
gives 1.6 equal to DF, which multiplied into. 3 the 


| half of CG produces 48 for the Area of the Triangle 


DCF. Then from .92727789 for the Area of the 
Sector DCFE taking .48, the Area of the Triangle 
DCF, there will remain .44727789 for the Area of 
the Segment DEFD, and this taken from 3.1416, 
the Area of the whole Circle, there will remain 
2.69432211 for the Area of the other Segment 
DHFD whoſe verſed Sine is 1.6. 

After the ſame Manner, by dividing the Diameter 
of the Circle, viz. 2, into 100, or any other Num- 
ber of equal Parts, we may find the Area of the Seg- 
ment anſwering to each verſed Sine. 

Having by the foregoing Method, found the Area 
of a Segment, belonging to any verſed Sine in that 
Circle, whoſe Diameter 1s 2, and Area 3. 1416; we 
may find the Area of the ſimilar Segment in any other 
Circle by the following Analogy, viz. 

As the Area of that Circle, whoſe Diameter i is - 


Diameter. 
And hence ariſes the Conſtruction NE the follow- 


| ing Table, 
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A TABLE of the Segments of a Circle, whoſe Area 
is 1 the Diameter, viz. 1.128378) being divided} 


into 100 equal Parts. 

Seem. | | V Segm. | V |Segm. jj V Sm. V | Segmt 
001021 [,1526 [141],3860 | | 61,6389 || 81 | ,8677 
,0048] | 22 |,1631 |142|,3986 | | 62|,6514 |] 82| ,8576]. 
,ood7 || 23[,1738 [434112 || 63,6636 |} 83 | „8873 
,0134|| 24 [1345 11 44[-4238 || 04 |,0759 |] 84 | ,8968 
,0187]| 25,1955 [454365 || 850089 

,0245|| 26[,2066 [| 46|,4491 || 66 [,7002 
,0308]| 27,2178 [|47],4618 [| 67 |,7122 || 87 ,9236 
,0375|| 28 |,2292 [48,745 |] 68|,7141 ]] 88 ,9320 
,0446}| 29 [12407 [| 49|,4373 [69,7360 89 | ,9402 
,0520[| 30 |,2523 |50[,5000 [| 70],7477 [| 90 | ,9480 
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1165598031264 \[51],5127 || 71,7593 |} 91 | ,9554 
12,0580 32 ,2759 52,5285 || 72[,7708 || 92 | 9625 
13107641] 33/2878 53.5382 73,7822 || 93 9692 
14,085 10 34 ,2998 j{54|,5509 || 74|7934 |} 94 39755 
25 22994 [| 35|+3119 [551.5935 [| 75 |-8045 | _95 | 9813 
16,1032] 36,3241 |56[»5762 || 76|,8155 [ 96 | ,9866 
17|,11271| 37 |,3364 [571-5888 [| 77 |,8262 979913 
18|,1224]| 38|,3486 [58,6014 [78,8369 98, »9952 
4 19,1323] 39|,3611 [59 61407958474 99 

0,1424 491-3735 60, 626580 8590. 100 11,0000 


8 0 Ses * . 
| 
S 


In this Table you may obſerve, that the cb 
marked at the Top with V, contain the verſed Sines, 
proceeding from 1 to 100, and the adjacent Columns 
contain the Areas of che Segments belonging to theſe 
verſed Sines. 3 

By this Table the Content of the Liquor contained | 
in a Caſk not full, lying with it's Axis parallel to 
the Horizon, and the contained Liquor cutting the 
Heads of the Caſk ; may be found after the follow- 
ing manner, viz. 

To the wet Inches of the fvag Diameter, add a 


competent Number of Cyphers, and. divide this oy 
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[| the whole Diameter; then ſeek for the Quotient in 
1} the Columns marked V at the Top in the preceding 
| Table, and oppoſite to this in the adjacent Column, 
you'll find the Area of a Segment, which multiply 
into the whole Content of the Caſk, and the Product 
is the Content of the Liquor in the Cafk. If inftead 
of the wet Inches we had uſed the dry, then the laſt 
Produ& would have been the Content of the empty 
Part of the Caſk, which is called the Ullage. _ 


Example. 


Suppoſe a Caſk lying with it's Axis parellel to the 
Horizon, has a certain Quantity of Wine in it, the 
Bung Diameter is 32 Inches, the Head Diameter 28, 
the Length 48, and the wet Inches 20. Required 
the Content of the Liquor. - 
| Fo the wet Inches 20, I add a Number of Cy- 
Pers and dividing it by 32, I find the Quotient .66, 

hich I look for in the Table and find it anſwer to 
the Segment .7002, which multiplied by 132 8 the 
whole Content of the Caſk in Wine Gallons (found 
by Art. 2. of this Se.) gives 107 for the Content 

+ of the Liquor in the Caſk, in Wine Gallons. 

6. Malt when lying on a Floor is gauged by tak- 
Ing the Depth of it in Inches, in ſeveral. Places, and 
_ dividing the Sum of theſe Depths by the Number of 

them, the Quotient will be the mean Depth ; which 
- multiplied into the Area of the ſurface gives the So- 

Iidity in Inches; and this divided by 2150.4 gives 
_ the Content in Buſhels. 8 
J. Solid Timber is meaſured by the folid Foot, 

each contaming 1728 folid Inches; the common 

Way is this, viz. girth the Tree in ſeveral Places 

and take 4 of the mean Girth in Inches, for the 
Sdge of a Square; which Square multiply into the 
S014 | ; | Length 


OA 63 
Length of the Tree, and the Product will be the 


Solidity in, Inches, and this divided .by 1728, will 
give the Solidity of the Tree in Feet. 


8. The Solidity of irregular Bodies may be found 


exactly, after the following Method, viz. let the 


Body be immerſed in Water in a Paralleliped, whoſe 


Sides are exactly divided into Inches; and the Solidity 


of the Water raiſed, will be equal to the Solidity of 


the immerſed Body. 


9. The common Rule for finding the Tunnage of 
a Ship is as follows. | 

Multiply the Length of the Keel by the Breadth, 
and the Product by half the Breadth ; then divide 
this laſt Product ww 95, and the Quotient will give 
the Tunnage. 


Example. 


, 7 


Scopole a Ship's Keel is 135 Feet, and her Breadth 
from out to out, 48 Feet. Required the Tunngge | 


of that Ship. 


The Length of the Keel, viz. 13 5 multiplied i io- 
to the Breadth 48, produces 6480, and this multiplied 
into 24, half the Breadth, gives 155520, which laſt 
divided by 95, the Quotient is 1637 the N of 
the propre * | 
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Places Names. 
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2 Long. O 
The Coaſt of England. D. M. 5. 7 = 
DERWICK — — 55 50 30 V 
5 Newcaſtle — — — — | - 2 od 
Scarborough — — ——|54 20| for > W 
Stockton — — — — 34 33 01 wes W 
Flamborough-Head — — 54 o8 oi 5 E 
Yarmouth — — —|52 45 þ Tr E 
Tpfwich — — — —|532 14 0 2 E 
Colcheſter” ——  — —|52 04 [oo 58 of 
LONDON  — 2. 32 [oo Fo 
The Downs — — —}51 25 lor. 210 E 
Dover — — 1 15 81 180 E 
Beachy — — — — 50 48 & lo W 
"Portſmouth —' — — 50 48| 3 Je 00 W 
"Dartmouth — — — 0 27 8 56 W 
Plymouth — '—[5o 368. ; H- E 
„„ —|50 OO af its; W 
Brei!“! — — —151 32 | 3 13 W 
Liuer pol. — — 33 20 = W 
White-Haven — — — 84 10 1 — W 
be Coaſt of Seatland . 
e — — . 
1 yy fk S_ - 5 — | I W 
— — .. —|56 al -— ” 
4 St NM — =. —|58 02 31 
Cat-Neſs —| 58 3 95 0 
Buchan-Neſs — — — 57 1 
1 55 was 20 W 
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Coaſt of Ireland. _ D. N. 
1 ss o 
Bilfaſt — — — 54 36 
Cork — —— — — 151 45 
Cape-Clear — — — [51 10 
Lambay — — — 53 244 
Dublin.” — —  — [53 . 
Coalt of Holland and Flanders | | 
Hamburugh — — 63 44 
Bremen  — — 153 59. 
The Texel — — [53 10 
Amſterdam — 23 
Rotterdam — — —|5" 55 K 
Duntirrt— — f 48 
Calais  —_ — [90 57 6. 
On the Coaſt of France and 21 
e Bog = 
— — | . | — 
Guernſy —, — — 49 36 
Jerſey — — 1 
Rocbelle — — [46 16 
Bourdean* —  — — 44 55 
Bilboa — — — 43 30 
Porta Port — — [40 32 
Cadiꝝ Wh — — 36 20 
Ccaſt on the main Continent = 
within the Straits, and on 2 
the Coaſt of Spain, &c. 4 
Gibraltar — — — 36 11 
Malaga 72 — 36 50 
Barcelona — — — 141 26 
Mar ſeilles — — 143 20 
Toulon 4 N 43 ol a 
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Cape of Good Hope — 


Weſtern Iſlands. 
Coro — 


—— 


1 


| 


N 
ul HEE | 


48: Michael —-_ 
St Maries — 
Porto Sando) 


IU 


| T 22] 8 


2 
* 


*I N 


* 
- 


pn 430 


EEE 


1 MA 


2 


e — 


G 


| 367 ] 
Places Names 
Canary „ cn 
1 ng, Eoup 
„ anilhgr SE as 
St Lucia —— H — 
St Nicholgs —= — — 
St Vincent — _— — 
Anlegen — — — 
Barbadoes —. — — 
St | Cru — — — 
Coaft of Carolina, Vir gina, 
Maryland, &c. 
Charles Town on Aly River 32 
Cape Hemy — — —137 
eee one 46g hon 5.7 4 

ew York — — _ —|41 
Baſton — -— — , —|42 
Trinity Bay — —|48 
Placentia — — —[47 

Cape Charles: — — — 37 

St Job Harbour — * 
Coaſt of Haar Bay an d. 

| the Straits. | 
Cepe Foes = — 5; 
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Coaſt of America in SD | 4 ; 
' South-Sea. ; | 8 
Cape St Sebaſtian — — [42 42] 2z 129 40 
— th — — — 08 56 — 82 18 
Aquapulco — — — 15 27 8 101 03 
Cape St Lucia — — 23 250 111 66 
Cape del Ajuſss — = 16 38] [IN 50 
ca — — — — 18 12 74 
Baldivia — — . 81 18 | 
Cape Victory — — —52 150882 56 f 
Cape Horn — — — 57 5808. 79 44 
Coaſt of Brazil in S. America I * 4 
| River Julian — — — 48 400 3, 225 ; 
14 e Blanco — — —- 46 50 8. . = 4 
1 St Katharine's Jle — —|28 oof 47 50 J < 
vb Cape Frio n . 42 56 S : 
# Cape Rogue — — — 23 =. 
ia 5 ape . oqu 05 — 35 92 = 'B 
# Coaſt on the main Continent Ads, + 
K | in the Weſt-Indies 10-8 3 ” B 
We MNorthCape — go 5 2:49 350 05 
4 Surinam — — — 06 00 g. 56 44 7 
0 Cartbag ena — — 10 £0 75 50 ta 
4 "Campechy —  — —|19 208 93 o — 
4h Portobello — — — 09 '55| = 80 15 Jo 
. La vera (ruß — —|19 16 F x00 22 Pro 
if Cape Florida — — —1]24 48 87 55 Zorc 
1 5 | | Der — — 
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Sara — — — 
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Bengal 58 | bm. — 
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Cambodia | nal 


Batavia — 22 
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of the Nai Sea _ 


Bantam in Faves” 5 


Borneo — — — — 
Good Fortune — — 2 
Java, Eaſt End — — 
Japan, S. Eaſt Point 
———$; Weſt Point 12 
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| .  Copenha en — — — 
Stack Bolm — — — 
7 — — — — 
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Riga N — — 1 
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1 


Scaw — — — — 


Coaſt from the Naze ze of N Nor- | 


a 
- 


way to Archangel. 2 2 51 
ee, e e e ao| 3 
«North of — — — . 250K 22 10 8 
Standlan — —— — 62 10 8 04 38 2 
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Sound Royal — — — 66 20 1 
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Logarithms.. 


N. "Togar: | N | Logar. || N | Logar. 
5.00 46 1.662760 gi |1:95904 
2|0 30103]| 47 1.607210] 92196379 
30.477120 48 t.68124]] 9g3|1.96848 
Ie. 49 1.690200 941.9733 
— 9.98 52892 9222 1 
—<610.77815|| 51 1-70757]| 9698227 [ 4/4922 
70.845100. 521.1600 971198677 42 5229 
8090309 $53j1-724281} 9899123 4912 15534 
' 910.95424|| 541732390 99 1.99564 ]| - 44] 2-15836, 
or 00000|| 5541 740351] 100 2 00000 || 45 2.16137, 
104139 5611.748190 1012 00432 [ 46/2 10435 
1.07918]| 5711-75587]]. 02]2.00860|| 47 2.16732 
141394 120882 032 01284] 48 2.17026, 
1.146131] 1.770851] . 0412-04703 || 49217319 
117609 177873 | 0542 92119 027609 
120412 611785330 062 025330 51] 2417598, 
1.23045 1.79239] 0742-02938 | 52 2.78184 
1.25527 1.79934| 0812-03342 53 2.18469 
1.27875 1.80618]; 0912-03743]| 54218752 
130103 1.81291 10| 2.04139 * 2.19033] 
132222 . 81954] 112.4532 5612-19312 
134242 1.82607 122.4922 5711899 
. 136173 68 14271 13 2.05 308 | 55 2.19 66 
241 1.3802i || 69|1-83855 [| 14/2 fe 5913-20140 
1.39794] 20 1.845101]- 15 2.06071 50 2.20412 
1.414% 71[1-85r26]| ieee 6112-20683 
14313600 78722 78858 6412-20952 
ate WE 80332}; 18 [2.07188 632-21219 
| 1.46240||- 74 | 1.88923}. 192.7555 : 64 2 21484 
© 301477821}. '75|1-B7506]| 2012.079181} 65 2,21748 
| Fica91 3611 7611:88081]]| 212.0279 662 22011; 
| 1.88649 2212 58636 672 22272, 
1 89209 23 2.08991 ö a 68 2 22531 
1.897 . 241209342 1 69 2.22789 
1.903091|__2512-096911} 7012 23945 
1.90849] 262.0037 712. 23300 
1.913810 272.1038600 7242-23553 
1.91908] 2812.107210] 73223805 
84/1 924280 2902.110590 742.2455 
1 92942 2302.113242 
3611.938450 3112.117270 7612-24551] 
871.939 72 3212-12057} 7712-24797 
811 94448 . 33 2.12385 | 7812-25042| 
1.94939]| -34]2-12710]} 79 SITS 
11.98424]L 3512-13033 1 80] 2.25527 
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—— 


g . 


29 2 35984 
— 2.30173. 


|<: 32 2.36549 


— 2 45352 


— 1 —⁴äFᷣ . — 


2.36736 


82 23 255 
512 39957 962.47 129 
52 2.40140 97 2.4727 
33.412 98[2.4742 
 $412:404831|, 99]2 47567 
= 05 [2:40054]|- 300[2: 242742 
— — — 
þ ye 2:40824 |}. 30x [2.438571] 
3774  02|2.480041|| 
88241162] , 03]2.48144 
39 2413300 04248287 
my #41497 || 95. 2 48430) 
61 [2.41664 ||  06]2.48572 
62 2.41830 o 2:487 14} 
-'6312-41996|} 8.48885 
[6 2.42160 09 2.489960 
85 —..327 2. 
97657 2.42651 || 1: 
65 242813 13 
69/2 44975 24] 


2 222 43235 2 1 
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1 e A Table of Logarithms. - | 
Wk | 2X0 Zur. || N. | ger | N. | Lager: | 
85 14 | 361 2.55751 406 2.60853 1 2.63418 
i | 62 2.55871 07 2.60959 "I 2.65518 
E 63|2 5599t|| 08|2-01006]] 53 2 65040) 
, -6z\2-56110|| og12-61172|, 54 |2 65706 
Wi 652.5622910 2.612781] 55258801 
N | 5 2.56348 11 2.61384 56 2 05 890 
4 69512.56407|| 122.6140 57 | 2:05992 
"1 | - 68]2-56585], 132 015951] 58 2.66087- 
1% - - 6912-56703 14|2.61700} 592 66181 
148 50 2.56820 15|2:61805}| go [266276 
. . 74] 2.56937]| 16] 2.61909 |} "61 | 2:66370]| 
722.5754 37|2-01014]] 6212-60404 
| 7312-57071 1812.511180 63 2 605 58 
| 7412-57287 19} 2.62221 64 |2-0603241 
| -75[2-57495[|_a9[2-62325|| 651 2:66745}] 
4 752.57519] 21/2.52428 562.658 39 
3 577 2.57634] 2202 62531 67 2.0693 2 
E 7802 $7749 23 132222 68 1255 | 
— © 791 2.57804 24202737 69 2.07117 
t 4 80257978] 232 £2839 701 2-07210 
+ 8$1|2+58093 2 26252941 71207302 
+ 822 58200 27 2.63043 | 72 2.67394 
1 832.583 282.6344 7312-67486 
1842.584330 ⁵ 9262460 74/7578 
1 8512.58 840 _ 3s: 2634427 75 2.52009 
| 86[2.58659!! 31[2:63448 767761 
8572.587210 3212.063548] 77257852 
1 8812.58883 33 2.03039 78 2.67943 
392 58995] 34|2 63749 29258034 
[1 - 90 2.59106 35 2.63849 801 2.68124 
912.5928 352.659, 51 2.08215 [ 262.7209 
14 922.59329]]/ 37/2 64048} 82[2 68305] 27 2.72181 
9312.539439] 382.6447] 332.68 395 2802 72263 
9442.595500 392542460 84]2-084v5|| 2927234 
272329 [[ 64315 85258871] 30/2 7242 
1 mo *.% Ivey RET i — — _—_— 
962. Fh%,%˙] ,.. 6 - 86] 2.08664 |] 312.7250 
1 - 9742 59879 4/2 64542 8712.587530 32 2.72591 
| 2.59988 [[-- 43 [2.64640 ||, 88} 268842 I} 3312-72673] 
2. 50099 44/2 64738 89 2.68931 | 3412-72754 
2.650206 45 2.64836 90 2.522 35 2 72835 
2 60314] 402649330 91 2.69108] 362 72916 
2.60423 472.0650310 g2[2-091971]. 37 2.72997 
2.603310 48|2.65128[|*-93f2-692855] 382.7307 
42.606380 49]2 652251] 94/5370 39[ 27315 
I el 50[2:65321]| 228 2 21245 


A Table of Logarithms. 
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-N, _ Logar, | V. | Logar. 
: "536 2.76790|| 631| 2.80003 
7 8712.70864]| 32[2.80072 
.43| 2:7 3480 8812.76938|] 33[2.80140 
44 | 2:7 3560 892.770 12 34280209 
ee _ 35 [2.80277 
16273790 911277159] ©3612 80346 
4712-73799] | 92/2 772320 37 [2.80414 
481 2-73878]] 93[2.77305|| 38|2.80482 
4912-73957]| 9412-77379]| 39|2-80550 
$2] 3:74936]] 95[2.77452] 40[2.50618|| 
512.7415 95 2.77525 ne” 2.80686 || 
$212+-74194|} 972.7757 42|2:80754| 
5312-74273]| 98[2-77670|f 43 1 
5412-74351 2.77743 2.80889 
CT} 2.74429 4 2.77815 4 2 80956 
502. 745% Go113.77887 || 46 2-81023 
$712-745386]| o2 2.77960 4712 81090 
582.7466034] 0312.78032 | 4s| 2.81158 
5912 74751 04|2.78104 | 49|2 81224 
60[2.74819]] og | 2.7817 go| 2.81292 
5172 74896 06|2:78247 5102.813538 
62 2.74974] 2.78319 522.8142 
6312 75051]j 68 2.78390 53/2 8149] 
64]? 751280 og1i2.78462' 54 2 81558 
3 | _10 2.28533 3 1 — It 
6012.-75282]| 11[2,78604 |} 56|2.81690 701284572 
6712.755358 * 12) 2:78675 5712-381757|} o2|2,8463 
0812-75435]} 13|2.78746|| 36.1823 - 03] 3 84090 
6912-7551114 14/2 78817|| 592 81889 04 2.84757 
20 2.25887 3228888 59281954 05884819 
71 2.75664 > 16 2.78958 51 2.82020 06 284880 
72 6150 17 279029 62 2.82086 972.8494: 
73 2.78825 18 2.790099 63 2.82151 | o8f 2.85003 
7412 75891]: 192.7969 642.8221710 992.8506 
_2512:75997]: 20 2.79230] 65 2.82282 1 2.85120 
762.7542 27279309 5628237 11. 2.85187 
7712.76118 2212.79379||' 67[2.82413]} 122.8524 
7812.761931 23 2.79449] 682.8247813 2.853 
7912-702081] 247580 698283 4/8378 
— 22534322788 2.87 152.8543 
9112.764180 252 7955777 252672 [5125540 
$2 27618230777 JJ 7 [ 17[2 8x5ckl 
83 2.76557 [ 28[2.79796|| 73 [2.82802 | 18285512 
84/2.76641[[ 29279885 [ 74 2.82866 19] 2:8 
3 2:7671611 3012799341} 75 [28293011 
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, 72112.85794 
222.858 54] 67j2.88430]| 12 
23\2.85914]| 682.885 360 13 
24}2.85974 69! 2.88593]} 14 
2512.86034|| 70 2.886490 2.91116 
—26|2.86094|| 71 2 897/0516 
271286153] 7212.887620] 17 
| 2812.86213]] 732.8881818. 
1 29 2.86273]| 742.8887400] 19 
1_30 2.86332] 75 2.88930|| 20 2.91381 1.55 
| 31|2.86392|| 76|2.88956]| 2112 91434] 
32] 2.86451 771.2.89042|| 2212 914931] 
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"6448 3312.865100 7812 89098] - 23] 2.91540 | 
kt . 34]2.86570|| 792 89154|| 2412-91593 
4 35 2.86629 8 2.89209. 25 2.91045 _70 
A 36 2.86688 81} 2.89205 26] 2.91698 
Ns ; 37 2.86747 821 2.89321 2712-91751] 
Wl 38 2.863806]] 832.8937 282.9180 3 
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1 394 2.86864 || $4| 2.89432 29} 2.91855 
«Wi 40 2.86923 852 89487] 302.9198 
| | 4 41]|2.86982]]} $36|2.89542|| 31 2.91950 


Wl - Þ 42[2 87040} 87289597 || 3212-92012 


1] 45]2-$7274]| 91| 2.89818 361292221 
1 12.7332] 92289873] 3712-92273 
482.8739 0][ 93 2.89927 38 2.92324 
1] 0287448 94|2-899821]| 39 2.92376 
50 2.87506 95290035] 402 92428]| 8521 
1 5112875641] 962 900910 4292480 
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_$013-78888]] 095 13-79204|| _4913:79525}| 8513-7983! 
53 378895 g613-79211]| 41[3-79525]| 8613-79837 

52 3.78992 g713-79218]| 42[3 79532]| 8713-79844} 
5313-78999]] 9813-79225} 4313 79539]} 88 222376 
543.7897160 9903.792320 44/3 79546] 8913-79858 
2282228229294 228 29855 
3 79er 3 79246 46; 3-79560[| 917987 
5713-78937]] 02ʃ3.79253 473.7967 [ 9213 79879 
5813 78944] 633.7926048 3.79574] 9313 79886 
593.7895810 043.79267 [ 4913-7958"|| 9413-79893 

— 328253222 2222 
1 3.78955 0613-79281 [| 5113 79595|| 9613-7990 

| © 6213-78972] 071.3 792881} 5213 790 9713-79913] 
6313 789791] o8[3-79295||. 333 7909 9813-79929 
6413-78986]| 09 3.79302] 54/3 796160 9913-79927 

65|3 789931] _ 1013-79309] 55 3-79623 [163001 3-79934) 
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. 112400 
7138000 5613-80318 [401 
12380017 5703-80325] o2 
133. 80024] 58380332 ][ 03 
14| 3-80030]] 59 3.80339 [ 04 
15! 3-80037|| 60 3.80340 212 WEL 
1613 80044]] 6113+80353]] 0613- 513. 80963 
173 8005 10 62 3.80359 73.800056 523. 80969 
1813 80058 6313.803660] 083. 80672 531 3.80976 
19 3.80065] 64380323] 0913 80679 543 80983 
20 280072 65 380380 10 3.80080 553. 809 
= 3.80079 566 3.80387 E 3.80693 56 3. 80996 
223. 80085] 67 3.80393 12 3.80699] 57 3.81003 
233. 80092] 68380400 13 |3-80706 1 5813.81010 ol 
243. 80099] 6913-80407 || 14|[3-80713]] 59]3.81o017 
25 3-80106]] 70 3.80414 80720 50 381023 
26380113 71 3.80421 153-8026 613.7030 
27 3.80120] 7213. 80428 1713 80733]] 62381037 
2803 80127 73880434] 183 807400 63 3.81043 
29 3.80134] 743 80441 1913-80747] 04] 3.81050, 
203.8014 75|3 80448]| 2013 80754 _65|3 $1057 
31|3 80147]| 7613-80455 || 13-80% 6 663 81063/ 
3203 80154]] 7713 80462]| 223.8767 [57 3 $1070; 
33|3-8D161]] 78 3-80468 | 23] 3-80774|| 68[3.81077! | 
34 | 3-80168, 79 3 80475 2413 80781 | 69] 3 82064 | 
_35|3-80175]| 80[3.80482||__25[3:80787|| _70 3-81090; 
36 3.80182] 813 80489]| 2013 80794] 7113. 81097 "Th 
37 [3.80188 8213 80496 2713:89801 7213811044 
3803 80195 83 3.80402] 2813-80808] 733.8111 
393.8002] 843.8050929 3-80814 |} 74 3-81118 | 
| 4013 80209] 85 3 80516 230 3.80821 75 381124 
413.8021660] 85 3.80523 ] 31 3.80828] 7613.811310 
420 3.80223] 87 3.80530 323.8083577 3.811377 
4313. 80229] 8803.805360 333.80841[[ 78 3.31144 - 
44] 3.80236]] 89] 3.80543]| 343 80848]] 793.8115110 
ez go 3-80550[t _3513.Bo855 
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Leger. 
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05 2 227 


3.43225 
3˙ 93232 
3.43238 
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A. | Zagar: 1| N. | Lager. | y. | Lager. 
6841 | 3:83512||688613-83797 [|693 1 | 3-84080 
4203 83518]|  8713-838031| *2213.84086 
4303 83525]|| 3883-83809 23 3.84092 
443 83531] 89383810 343.84098 
_45]3:33537||__9913:53822}} 35 13:84105 
463.83544][ 9113-83828} 2613.84111 
4713 83550]| 923 83835 3713-84117 

, 4813-8355 9313 838410 3813 84123 
491 3-33503]| 9413-83847 3913-84130 
[52323569 || _ 951332531} _4013 84136 
$113 83575 96 .83860]] 411[3.84142 
521 3:33582 97 3.838660] 4213-84148 
5313-83588]| 9813-838721} 4313-84155 
5413 83594|| 99(3-33879]] 44[3-84101 
553.8350169 03 83885 ]] 452.8467 
A 563.5307 690103 83891 46] 3-84173 
5713-83013 05 3 83898 | 4713-84180 
58|3-83620]} 904313 83904 48] 384186 
5913-33620 O4 3.8391 49 3.84192 
50 3.83632 05 3.83916 5013-84198 
51 3.83639 [ 5383923 Fi 384205j 
-6213-383645]] 05 3˙83929 523 84211 
631 3:83651}| 0813-83935} 5313 84217 
64 3.83658 0913 83942 54 3.84223 
_ 6513-83664|| 10[3:33948 |] 5513-84230 
6613:383670|[| T1] 3-83954 || 563 84236 
67|3-83077]} 1238399 5713-84242 
6913-33689] 1413-83973] 5913-84255 
_7013-83696|' 15] 3:83979;] 6013-84261 
7113-83702]; 1563.839860 61 3.84267 
723.8370817 3.8399 62 3.84273 
733.8371518 3.839980] 63 3.84280 
74383721 193.8404] 643 84286 
250283222] 2053841 [ 6513 84292 
76/3.33734 2113-84017] 661384298 
7713.837400] 22[3-84023]| 6713.84305 
7813-383746]| 2313 84039] 6813.84311 
7913-33753]| 2413-$4030|} 6913-84317 
__ 8013-33759 2513-54042 _ 7013-84323 
| 8:]3-83765]] 2613-84048]} 713.8433 
| 8213-83771]} 2713-840550 72[3-84336 
. 8313-83778 28} 3-84061 || 73[3.84342 
8413-83784}, 29 3.8406 | 74 13-84348 
hl 85 3.83290 30 3:84073 7513-84354 


31. 


A Table of Logarithms. 


N. | Logar. N. | Logar. || N. | Logar. | 

7066] 3.84917 |[71111 3.85193 71561 3.85467 

6713-84924] 12]3-85195]| 5713-85473 

6813-84930] 13{3.85205]| 5813-85479] 

69| 3.849360] 14]3.85211]] 59385485 

—79| 3:34942|] 15] 3-85217]] 6013-85491] 

71|3-84948|] 1613-35224] 6113-85497] 

7203.849540] 1713-85230] 62 3.85503 

7313.849600] 1383.852300] 6313-85509 

* 7403 849% 193-8524 [[ 643.8551 
30 3-84696]| 7513-34973]] 20 3+-35248]] 65 3.85522 
3113.847020 . 761 3-84979]] 2113-85254]] 66385528 
3213-84708]| 7713-34985]| 2203852600] 67|3 85534 
-3313-84714]| 783.8499 [[ 23385266] 68 3.85 540 
3443.847250 793 84997]] 24]3-85272]] 6913-85546 
-_ 3513 84726] 8013-85003]] 2513-8527*}} 7013 85552 
3613-84733]| $113 85009 26 3-8528;]] 7113-85558 
3713-84739]| 82|3-85016]} 273-8529:]] 72 3.85584 
3813 84745]} $313-850221}. 28385297] 7313-85570 
393847510 8413-85025] 29[3-8530:]] 7413-85576 
_4013 84757||_$513-55034|] 3013 85399} 75 |3-85582 

41 3-84763]| 86]3-85040]| 31]3-85315}] 763.85 588 q 


* 


406 MA Table of Logarithm. 
V. | Logar. [| N. | Logar. | N. L N. Logar.” 

13.8 573972463. 8601 | 
. 2 4 47 3.386016} 9213-8628; 37 
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Table of Logarithms. 


407 

t N. | Logar. N. | Logar. | N. [ Logar.' © 

7426 13-$7075 [74713-87338 [7516\[3.87599 

273.8708 1[0[ 7213-87344| 171[3.87604 

28 3.87087 [ 73]3-87359] 181[3.87610 

29 [3-87093]] 7413-87355]. 19113-87616 

30 [3.87099}] 7513-87301] 2003-82622 

3113.87105 7013-87307 211]3 87628 

322871 77 3-87373] 22113-87633 

3313-87116]| 7813-87379] 231[3.87639 

| 3413-87122] 7913-87384] 24003 87645 

35387128}! 8013-87390] 283.8261» 

3613-87134}| 8113 87396] 26 [3.87656 

3713-87140]| 8213-87402 27 [3-87662 

3813 87146 33, 3.87408 28 3.87668 

3968.875100 84387430 29113-87674 

{4013-87157 _$513:87419 30 3.87680 

413.7163] 8613-87425 310387885 

42 3.87169 8713-87431] 32113-87691 

1 8 3.869110 4313-871750] 8813-87437 33\| 3-87697 
: 99 3-860917]| 44 if 89 387442] 343 $7703 
5 7400 8869234032 2524 [ 2259 
5 [7401 385929 464/3871920 91/3 87454] 36/3.87714 
5 o2 3 86935]! 4713.-87198||* 9213-37490] 37113-87720 
. | 03 3.8694 48[3.87204|| 9313-87466] 3803 87726 
2 04, 3-36947 ||- 49] 3-87210}| 9413-37471] 39;13-87731 
« _ og 3 869531} 50[3 872161] 9513-37477]__ 49113-87737. 
4 06, 3-36958[| 5113.87221]| 9613-87483] 40 3.87743 
0 07, 3-86964|| 52[3.87227]| 97|3-87489] 421 3.87749 
5 o8 3-89970]} 533872330 9813-37495} 43} 3 87754 
I og 3-86976]' 54387239] 9913-87500] 44,1 3.87760 
7 101 3:809821| 5513:87245117599 13875061 45 3.8225 
3 113 86988] 563.8725100 75013-87512] 461387772 
ol 12] 3 86994] 57 3.57256 02 3.87518] 47 3.87777 
5 131 3.86999 58 3.87262] - 0313-37523] 48 3.87783 
1 14] 3-87905 || 393872680 0413-37529] 4913-37789] 
17 _15|3-87011]} 6013.87274]| 0513-87535} 5013-87795 
53 16 3.87017] 613 872801 963.87541[ 51 387805 
59 173 87023]| 6203.872806 0713 87547] 523.87806 
54 18] 3.87029] 6313-87291) 08[3.37552] 5313-87812 
70 1913-87035 || 64|3-87297}| 0913-87558] 5413-87818 
76 20] 3.87040|} 6513.87303|| 1013-87504] 5513-87823 
32 21 3.57045 6613-87309|| 1113-87570] 56113-87829] 
88 22 3.87052] 6713-87315|| 1213-87576] $7113 87835 
94 23 3.87088] 6813.87320|| 1313-87581] 58113-87841 
00 24.3.87054]] 6913.87326{} 1413-87587] 59113-87846] 
obl _ -25|3-87070[| 70[3-87332 | 1513-87593] Oolf3-87852 


; 1 Logarithms. 


408+ . | 
IN. | Logar. nd Ben Logar.. | N. | Logar. (| N. Lager. 
756113.87858 7558 3. 3.88176 755113.88372 76963. 388527 
6213.87864]] 07 3.88121 52 3.883780 9713-88632 
63 3.87869] 08 3.88127], 5313-883830] g8] 3.88638 
6443 87875]] 9 3.88133 | 543.8838999 3•88643 
ee e ee 5513-88395 [77003-88649 
66] 3.87887 1 [3-88144, 5613-88400|[7701] 3.88655 
. 6713-87892 2 3.88150 573 88406]| 02] 3.88660 
653.87898 1 88156 583.8842 03 3.88666 
| 69]3-87904|| 4 3-88101], 59388417 04388572 
- 7013-87910 —_15i3-$8167 60 | 3-88423|| o5[3-88677 
—7113879i5]] 16388173]! 61]3-88429|| o6|3-88683 
72|3-87921]} 17:3.88178]| 6213-88434 07|3-88689 
7313.879270 [18 3.88184] 63 3.88440 0813-88694 
| 74(3-87933|| 19 3.8819 643.8844609 3 88700 
25 3-87938||_ 20 3.88195] 65 3-88451]| 1013-88705 
7613-87944]] 21 —21|3- 38201|; 6613.88457 | 21 3 88711 
7713.879500] 22 3.88207 6713.88463]} 1213-88717 
7813 87955 23; 3.88213 6813-88468]| 13 3.88722. 
7913 $7961]] 24 3.88218 6943-83474 14 3.88728 
80 3.87967 25 3.88224 20 3.88480 1513-88734 
it 8113-87973]| 26] 3-88230 7703 88485 16 3.88739 
| 8213 87978]] 27] 3-88235]! 7253.88491]] 17 3-88745 
8313-87984] 28 3-88241 73 3.88497 1813 88750 
8443 87990] 29 3.88247] 743 88502] 1913-38756 
272% _ 301 288 28 Lasses 2013 88762 
853 88001 [ 31 388258 763852138965 
87 3.88007] 32388264] 7713.885190] 221388773 
88 3.88013] 33 3-88270|| 7813-88525] 2313-38779 
8903.880180] 34388275 793.885 300[ 243˙•88784 
2 388024 3513: 88281 80 3.88536 25 3.88790 
9113.880030] 36| 3.88287 | 81] 3.88542; 26 3.88795 
9203.880360] 37388292] 8213.885470] 27388801 
9313 88041 38 | 3.88298]| 83]3.88553]| 283 88807 
 9413-88047|| 39] 3-88304|| $84[3-88559]] 29] 3-88812 
_ 9313-88053|_. 40 3.88309|| 85388564] 30 3 88818 
953.859 41| 3-88315 || 8613.88570|| 3103-88824 
9713 88064]] 42|3.88321]| 8713.88576]] 32] 3.88829 
981]3-88070]| 43| 3-88326]] 88]3.88581 331 3-88835 
99 3.88076] 44|3 88332|| 891[3.88587]] 3413 88840 
76003-88081] 45| 3.883381] 903.8559335 3.88846 
7601]3.88087]] 463. 1.88343 91 3.88598 363 3.88852 
02 3.88093 471 3-88349]| 9213-83604|| 37] 3-88857 
oz 3.88099] 48 3-88355 || 933.8866 383 88863 
o4|3 88104] 49] 3 88360 943.88615 39] 3 88868 
05 3: 88110 = 3.88366 | 95 | 3.88621 401 3.88874 


A Tale, Logarithns. © 


rr 2 


T e 

7786 [3-891 31117831 3.89382 7876 3.89631 

8703-89137] 32 3.89387] 7713-89636 

881 3-89143]] 3313-39393]| 78] 3-89642 

89|3 891480] 34[3-89398]] 7913-89647 
_99|3-39154}}__35|3 89404]|_ 8013-89653 

g1|3-89159}] 3613.89409[| 81] 3-89658 

92 389165 3713 89415]| 82[3-89664 

9313-89170] 38[3.89421 83]3 89669 

[| 943391761] 3913-89426] 84389675 
252321} _ 4213-59432} | 351 3:89680 

96|3-89187]] 41[3.89437]] 86] 3-89686 

_ 9713-89193]] 4213-89443]] 8713-89691 

9803-89198] 43[3-89448]] 883.8969 

99, 3-392041} 44[3-39454|| 8913-89702 

2800 3:39209]} 45 [3.89459] | _90[3-89708 

7801 |3-89215]] 4613.89465|| gr] 3-89713 

0213-39221]} 4713.89470|| 92[3-89719 

8 03 3.892260[ 4813.89476|| 9313-49724 
59}3-82981[]  04[3-39232]} 4913 8948] 9413-89730 
_bo[3:88986]] o5[3.39237]} _5013-89487]|_9513 89735 
. 61]3-88992]] 061 3-39243]] $5113.89493]} 9613-89741 
6213-38997]] 0713-39248]} 5213-89498]] 9713-89746 
63]3-89003]]  08|3-389254]] 5313.89504[] 9813-89752 
643-8909] 0g[3-89200]} 54[3-89509}] 9913-89757 
565 3.89014 10 3.89265 .-55 3-39515 7990 3-89703 
663.890 20[[ 1103.892710] 56[3.89520][7got | 3-89768 
6713-89025]] 1213-89276} 57[3-89526]] 0213-89774 
6813.89031 1313-89282]] 5813.89;31]] 0313-89779 
6913-39037]| . 14|3-39287]] 59[3-89537]] 0413-89785 
[7213 590421]_1513:29293]} _ 60[3-89542}|_ 222 
71 |3 89048] 1613-89298]] 6113.89548]} 0613-89796 
72|3-89053]} 173·89304][ 62 3.895530] 0713-89801 
7303 89059 ][ 183.893 10] 63 3.89559 083.8980) 
7413-89064]] 19389315 6413.89554|] 093.8982 
23-8907] 2013-89321 _6513-89570[] 10 3.89818 
763 89076] 21 3-89326}| 66[3.89575 11 [3.89823 
77 | 3-3g081 22|3-89332]] 6713.89581]] 12[3-89829 
78}3-89087]| 23[3-89337]] 6813.89586]] 1313-39834 
7913-89092[] . 24[3-89343]] 693.8959 2][ 14[3-39840 
_80 3.89098 25 3.89348 20 3.89597 1513 89845 
81 [3.89104|| 2613.89354]] 71]3:8960; 1613-89851 

| : 2713-89360] 7213.89609]] 1713-89856 
2813.89365]] 7313-89614 18] 3 89862 

2913-89371]] 743.8965200] 19] 3-59867 

[ 30 3.89376 7513.896281] 20 3.8987 


A Table of Lagarithms. | 


— N. Laar. | N. — [| N. | Logar- 
66| 3.90124 801 1] 3.90369]18056| 3-9001 2. 
67 3-90129'} 12] 3-90374]| 5713-99017 
68 3 90135 13 3 903800 58 90623 

| 6913991421] 14 3-90385|| 59|3-99028 
70 3.90146 1513-90390|| 60 90634] 
71 390151 176 3.903960] 61 3.90039 
72|3-99157:| 17] 5:90401|| 6213-90044 
7303 90 [183.9407 6313 99650 
7403-90168] 19]3.90412|| 64390655 
_753 99173'|_ 2013-99417 [}_ 65 [3:92000]. 
7613-99179 | 2113.90423 66G | 3:90066 
7713-90184 | 2213904281} 6713-90071 
7813-90189 233 90434] 68|3 90677 
7913-99195 24\ 3-90439]| 69 3 90682 
89/228 2594 7013 99997 
3113-90206 | 25 3.9045 7113-90693 
8213-90211 | 2713.90455|| 7213-90698 
$313 g0217\, 283 g04041| 7313-90704 
84|3-90222]| 291 3.90406]| 7413-99709 
8503222 3013 90472]|_75[3:92714] 
861 3-90233]| 313.9477 7013 90720] 
8713 90238 323 90482]| 7713-90725] 
8813-90244 |] 33] 3-90458 7813-90730] 
8913-90249]| 341 3-99493||" 79395736 
_ 9013-99255 || _ 35] 4 8913-99741 
913.960] 363.9094 5113-99747 
9213-90266] 33 9050] 823.9752 
9313 902710] 3813 gog15]| 833 90757 
543 952760 393.9520 54 3 90763 

2502.25 4/2 585% 2 28755 
96] 3-99287]| 4113-g0531]] 3513-99773 
97413 90293] 42[3-90536]| 8713-90779. 
98 | 3-99298]} 43/3 90542] 883.9784 
993. 90304][ 44] 3-90547]| 3913-95799 

8000 3-90309]| ' 45] 3-90553||__ 9913-99795 
800113 90314 46! -gocss t [3.90800 
| 3-90558|| 9113-9 
| 02 3.903200] 47 3.90563 92 3 90806 
03 3.90325] 483.9569 9313 9081! 
0413-99331 || 493.905740 9413-90316 
_ 05] 3 90336|\ _5013-905801| 95 3-90822 
061 3.95342 [ 51]3:90585]]} 96 3.90827 
0713 90347] $5213 90592] 97 3.90832 
_ 08[3.90352|| 5313-90596]| 9813-90835 
og 3.90358] 5413 906010 9913-90345] 
101 3.90363 3.90607 8 10⁰ 3-90 


A Lagen ,. 


— — 


E e . | N. | Logar 
[91493-91094 8191 13-91334 [18236] 3-9157 
| 47|3-91100]} 9g213-91339|] 3713491277 
865 || 4813-91195] 933.9344 38/3 91582 
| 49|3-911101} 9413-91350|} 3913-9158; 
|__50 3-91116 Ah, 3-91355 140 3-91 0 
3513-91121] 963.9136000] 4139159 
5203.911260 97391368 4213.91 
333˙21˙132[0[ 983913710 43] 3.91605 
34391370] 9913-91376|| 4439161 
222 || 4513-91616 
563911488201 3.91387 [40 3.9162 
5703-911530 023.9392 4703 Hiéze 
5803-911580 033.91397[ 4813-9163 
593-9114 043.9403 995. 51646 
3-90929|_601 3-91199[| 0513-91408 [| cof3.91645 
3-99934]| 6113-91174|| o6[3.91413 51[3-916g1 £ 
3 90940 62 3-91180|| o713.9141% 52 3.91656 
3 90945] 63391185 [ 08391424] 53391681 
399950 6413 911901] 93 914291] 543.91660 
3.909859 | 653 94196 |__1013+91434 — 3.91672 
3.909611] 663901113 974400] 563.9157 
886 er e 104444 38882 
3.90972] 683912120 131391450] 583.97687 
4\ 3-999775| 69391217 [14391455 5913-91693} 
39098241 _7013-912221| 1513-91401 [| 6013-91698 
3.9598 71 391228 16 3.91406 61 3.91703 a 
3 90993 7213.912320 173971 623 970 
390998 [ 7339123801803 91477]| 633.977140 
3.91004 743-9124300 19391482] 643 97719 
Dees 914871} 6513 91724] 
113 91014] 7613-91254]| 21391492 66) 3.91936 
3 910 00 7713912591} 220394980 673 9173 
3.91025 7813-91205 1| 23 3-91503 6813.91 74c 
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A Table of Artificial Sines, 
N 


——— __ 


| = Sime. Tang. Secant, 


— —ñk œ— — — 


:00000|10.00000(0.00000] Infinite. 10. 00000 Infinite 50 


6.46373 9.99999 6.463731 3. 5362510. oo000 13. 53625 59 
6.76476 9.999996. 70471 13-235 24]10.00000[1 3.23524 | c8 
6.94085 9-9999919-94985[13-05915110.00000|1 3. 591557 
26829. 9 99999[7-96579112.93421[10.00000 [12.93421|56 
7 16270 9. 99999 7.16250 12. 12.8373 10. oooo0 12. 83730 55 
7.241880 9.999997 —— 12.758120. 0000012. 7581254 
7. 308820 9.999997 · 3088 3U1 2. 59 118.10. 012. 69118 53 
5.36682 9.99999 73668201 2.633 8.10 0000 12.633 18052 
1:212:42797|_2:2999917:4"797|258203/19:00090 [1 2.58203 E 
10.463730 9 999997. 4637312 53627 10. oo 12 53627 50 
1117-50512] 9.99999[7.50512 $3.49488 10.00000 12.49488 49 
12.542910 9-9999917-54291]1 2.45709,10.00000[12.45709|48 
1317-57767] 9 9999975776712. 42233010 00000[12.42233|47 
14[7-60985| 9-9999917-00986[12.39014|10.0 00000[1 2.3901 5 
1517 63982] 9.99999 % 12.3601 f 00. 12.360718 45 
1617. ON 9.999997. 07851 2.332150. 00001 [12.33216] 44 
7 


17.694) 9.55599 [7-69417|12-30582|10,00001 [12.30583 [43 
1817.71 9.99999 [7-7 19001 2. 28100 10. of . 28 100 [42 
1917-74243] 222929 -L. 19.00001 12.257524 
20 776475 999999 7. 110.00001. 12.23525|40 
21 n 78594 9-99999 % o5[10 00001 12. 21406 39 
2207. 80015 9.99999 10.00001(12.19385/38 
25.827650 9-9999917- 10.000012. 17455037 
242842930 9.99999 24 000[10.00001 12.156073 
2c [7.86166 9.99999 [7 86167|12.13833/[10.00001 12.13834| 35 
267.8787 9.99999 7.87871 12. 121290. 0000112. 12131 34 


277. 89509 9.99999 [7.895 10012. 10490010. oo. 12. 1049233 
287. 91088 9.99999 7.108912. 8911010 oοο˙ẽỹ 12.0891232 


2917-92612 9-99998 [7 -92613112.07387[10,00002|12.07388 31 
Tz 9-99998 [7.9408 12.05914[10.00002[12.05916 


Dine. Tang. Secant. 


* 


. | 89 Degrees. 


ts 


+ 
9 


+> 
tu 


n 262m as, nt A..c- LO. 
wa 
+ 


* 
in. 


* 
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' Tangents, and Secants. | 


4766 13581 


3417-995 2919 99998 
3513-00779 [9-99998 
3618-02002 19.99998 
37 8.031929. 99998 
3808.043509. 99997 
39]3-9547819-99997 
4018-065 78 9. 99997 
4108.076560 f 99997 


4408. 10717 


5208.179719. 
5308.187999. 99995 


5908.234569. 99994 


337.9822309 999987. 
2282 


1-95510 


$.00781 
$.02004 
8.03195 
8.04353 
8.05481 
8.065 81 
8.07653 


4208. 08697 9. 99997 [8.08700 
4313-097 1819 99997 j5:097 22 
9 99996 [8.10720.11-59280 
4518.11693 19.999968.11696,11.88304 
4618.1 2647 9.99996 8.12651 11.87349 | 
618.13585 11.86415|10. 

4818.1 4495 0. 999968. 14500 11.85500 
| 9996 8 15395 


8.16273 
8.17133 
8.17976 
8.18804 
8.19616 


8. 20413 
8.21195 


8.22720 
8.23462 


8.24192 


8.219641 1.78036 


12.0311 
12.017756 


11. 
11. 96806 
1195647 
1193419 
1192347 
11.91 300 
11.90278 


. — 
1183727 
1.82867 
11.82024 
11.81196 
1.80384 


1.79587 
11.78805 


11.77281 
11.765 38 


12. 04490010 00002 12 44 


10.00005[11-80390] bf. 


S o Degree. WE \ RAY 
5 Sine. Tang. | Secant. 
30794064 5.99998 794886 12.5597 470.5002 12.559 76 


10. 00002 12.03 1138 
10 00002/12.@1 777127 


19.00002 11.99221]25 
10.00002 11 979g8Iz4 
10. 00003 11.968082 3 

10.00003'1 1.9565ojz2] 
os 
10.00003/11.93422 ” 
10.00003[11.92350J)tg 
10.00003|11.91 304118 
10 00003|{I11 9028217 
10.00004/L1.89283]16 


10.00004/11.88307|15 


10.00005 11.83732h1c 
10.00005 11.8287: 
10.0000, 1 1.82025} 8 
10.00005 11.81 202} . 


10.00006,11.79593 
10.00006|1/1.78811 
10.00006|11.78042 
10.00006|11.77 287 


60 8:24 186, 9.99993 


10-00007[11.75815 
12 


: 


( 


5 
+ 
3 
2 
10.00006|11.765 44] 1 
2 
S| 


em, 


* 


3 


r 22 1 hs 
* I = % as 


"6. > i * — 
* e 24 * 5 — = 4 
- „ G — * T , 1 - * a Rf > 
N „ n 5 — 1 | 4 «a " 
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gt A Table of Artificial Sines, 


>. - > > 


1 Degree. 


99993 


8.27661 9.99992 
8.283249. 99992 


78.289779 99992 


10 8.308 79 9.99991 
118.3495 9.99991 


8.32103 9 99991 


1218. 327029 99990 
1408.332929 9999918-33303 


— 


[1518-33875 19 999 


178.350 18 9.9998 
18]8.35578 9 99989 8.35590 [1.64411 
198 36132 9 9998908 
| 20/138.36678 9:99988|8. 36689 11.63311 
121]8.37217 9-99988|8.37229 11,62771 
{22!8.37750 9-99988[8.37762 11.62238 
12318-38276 9.99987 8.38289 11.6171 
2 8.38796 9 99987 8.38809 1161191 
2518 39310 9.99987 8.39323 11.5677 
12618-39818 9.999868 39832 1160169 
2778. 40320 9 999868 40334 1 1.59666! 
128]8.40816 9.999868. 408 30 11.59170 
1298-41307 9.99985 

1398-41792 9:9998518.41807 


dine. 


Tang. 


8 
8 


| 


4 


8.24186 0. 99993 8.2419 1.75808 
24910 
25617 
8.26312 
8.26996 
8.27669 

8.28332 
8.28986 
8.29636 

8.30263 11 69 
= 8.30888 
8.31505 
8.32112 
8.32711 


ti.75090 
11.74384 
11.7368g 
11.73004 
11.72331 
11.71668 
1171014 
TEE" 

7 
11.6911 2 
11.6849 
11.67888 
1167289 
11.666698 


833886 111.66114 


8.34450 9.999898. 34461 1 1.65539 
8.35029 11.6497 


36143 11.638957 


— ͤ ꝶC4Znʃuä —Vn 


8.41321 


(1158679 
'11.58193 


Secant. 


- 


— — — 
10 00007 i 1.75815 60 


o 00007 ; 
10.00007 
1 0.00007 
10.00007 


10.00008 


11.72339 55 


10.008 1.71676 54 


10.00008 


10.00009 
10.00009 
— d — — 
I 0.00009 
o ooo 
10 ©0010 
10 00010 
o. ooo io 


1171023063 


10.00010 1166125 45 


10.ooo 11 
16.000111 
10 00011 
to. ooo 12 


10 0001 2 
10.00012 
10.0001 2 
10.0001 3 
10.0001 3 


10 00013 
10. 00014 
10.000 14 
10.000 14 
10. 00015 
— 


| Tang. 


— —ů— 
; 


11.663322 
11.62783 
11.622850 38 
116172437 
11.61 204 


11 60690 


11. 59680 


11.859184 
11.586593 


11.601 82 


11.588208 
Secant 


88 Degrees., 


39 


_—_— 
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Tangents, and Secants. 


1 Degree. 


8,41792 
8.42272 
8,42740 
8,43216 
$,43680 
35 8,4439 
8,4494 
8,4044 
8, 45489 
245255 
8.46300 
8.46799 
8,47226 
48 
8.48485 
348895 
8, 49304 
8, 49708 
8. 50 108 
8,50505 


8, 50897 
8.51287 


9.53183 
8.53552 
8,53919 


8.54282 


999985 


9.99985 
9,999 


9,99983 
9.99683 


99998 28 45507 
9282820 


999982 


8,528 109,99975 


99975 
9.99974 
9599974 
2.99974 


Sine. 


9.9998 
63 


9-9998415-436 
99998 3]® 


20 [11,56304 


111,53615 


111,50271 


11,58193 
I1,537713 
11,55238! 
11,56769 


11,55844 
11,5389 
1154939 
11,4493 


1153183 
11.527553 
11,52331 
11.581911 
11,51495 
I1,51083 
11,50675 


11,49870: 
11549473 
11, 49080 
11, 48690 
11,48304 
11,47921 
11,47541 
11,47105 
11,46792 
11,460422 


] Secant. 


| — — 


10, 027 


10, 0015 
10,0001; 
10,00016 
10,0001 6 
10,00016 


I0,000i 7 
10, oo 


1157728 
1157254 
11,56784 
11, 56320 
11,5861 
11,55406 
11,54956 


11,4511 


11, 54070 
11,53634 


11,3202 


10,00020 
10,00020 


10,00020 
10,00021 
10,0002 1 
10,0002 1 
10,00022 


10,00022 
10,00023 
10,0023 
10,00024 
! 0,00024- 
10,00024 
10,00025 
10,00025 
10,00026 
10,00026 


11,52774 
11,52350 
I1,51931 
Ii,glglg 
I11,51104 
11,50696 
11,50292 
11,49892 
11,4946 
11,49103 
11,48713 
11,48327 
11247945 
1 1,47566 
11,47190 
11,46817 


11,46081 
11-457 18 


Secant. 


Wg__ 


IS CO\O 


11,46448| 


11,58208 


* . 
— 


10 


N Min. | 0 — Wand 


— — 
* 


£4488 


1A Table of Artificial Sines, 
| The: Degrees. 


ine. | | Tang. | Secant. 


98, 542829, 99974 9954 081 1, 45692 flo, ooo27 11,45718 
43, 5464219,99973 8.54569, 1,45331110,00027| 1145358 
'} 2[3;5500019,99973 | 8,5 502711 1,44973[10,00027| 11,45001 
| 31$-553549-9997218,55382/11,44018110,00028 | 11,44646 
b 99972 9 874 44266 10,00028 1144295 
| 518-5605 4,997 15.5583 1,4391709 1143945 
58.564009, 99970 8,56429/11-4357 1 10,0002 |11,43600 
718-567 4319-99970] 8,56773/11,43227 10, 030 11,43257 
| | 88,5708 9,99970 8.57114 11,42886 10,00030 | 11,42916 
918-57 42119-99969 | 8:57452 1 1-42548(10,00030 11,42579 

8,5775719+99909] 8,57788,11,42212[10,00031 '11,42243 
118.5 808909, 99968 8,58121{11,41879}10,00032 11,4191 

584199, 999688 9.58454 1141649 10,00032 11,4582 
13 „5 8747, 99968 8,58779 11,41221[10,00033 t1,41253 
1 41:5997 21999967 | 8,59105[1 1,40895[10,00033 11,40928 
8,59395 9.99907 8,59428[11,40572110,00034 1140605 
[1618-59715 9,99966 8,5974911, 402 51 10, 003411, 40285 


þ 


tr 19]8,00033 9.99966 68111,39932[10,00035[11,39967 
18],60349 9.99965 |8,60384111,39616110,0003 [11,39651 
19]3,506 60662 629299255 5] 8,60698 1 1,39302[10,0003t 113933804 
2018 8,60973 9.99964 8,61009]1 7, 38991 10, 00036 11,39027 
2108,61282 9,99964 | 8,61319]11,38681 [10,00037 11,38718 f 
2218 61589 9.99903 1,3837410, 003711, 38411 N 

| 2308, 61894 9.99962 1,3806910, 003811, 38 106 5 
24085 62196 9,99902 1 1,37 766110,00038 14.328040 ö 
2519-62497 9.99961 50375 [19,00039|11,37504[35 5 
205. 62795 9,99960 11,3716 (10, 003911, 3720534 : 
-[2718,63091 9,99960 11,36869110,00040{1 1,36909| 33 5 
"[2818,63385 999960 11,36574110,00040[11,36615|32 5 
F918 62635 9, 99960 11,36282119,00041 11.363223 $i 
439/$:63968 9.99959 (8,64009111,36994 [19,00044 [1 1,36032| 32 6 
|<! SW Vine, ſang. | 'Secant. | . D 


50 8.6945 5 


15818.71395 
59 8.71638 
2-2 


—— — 


1 


3 
3718-65948 9.99953 8. 
3808.565223 9.99954 


5993 
6g 
39" 22497 [9.99954 


9-99953 ;8.66816|11.33184 
9 99952 8.67087 1.32913 
11.32644 
11.32370 
341 52890 11.32110 
4 9.99950 8.68154 11.371846 
99949 [8 68417 1131583 
99949 [3.69678 
488.688 86 [9.99948 [8 68938 
498-69144 [p:99948 18 6915 
-99947 8.09453 
99940 8.69708 


8.67356 
8.67624 


69.999458. 7jë 
9.298448. 20465 
999448 70714 
99943 8.70965 


9248 8.21940 


11.345655 
11.342835 
11. 34007 
1.33731 


11.31062 


11.30804 


11.30547 
11.3029gz 
11.30038 
11.29796 
22:22535| 
11,29286' 
11 29038 


11.3322 


11. 28547 


11:28303/i0 oooggit1.28632] 


11.35702 
11.35415110.00043 11.3545" f** 
11.35130,10 00043 11.35173F*7F 
228 


lo. ooo b.. 2959 
10.00056 11.29342 
10.0005 7|11.2909; 
11.2879 2 fo. o 811. 28840 


11.28060|[10.00060'r1.2812c 


10.00042 11. 35744f*9 


ans hb, 
19.00044 11. 34609875 | 
10.080451 34330024 
10. 1 1.3405 33 
10 o004611.33777%½2 
Ae 
10. 0471. 3323 
10. oo048 i i. 3296119 
10.00048]1 1.32692þ18 
to 00049]t1.32425|*7 
been ee 
10 oooꝗgoſt i. 3 1890 is] 
10. oo 111.3163414 
10. 000 111.3 1373/13 


10. oo05 301 I. 3o Soc 
10 0005411. 3034 N 
10. 0005411. 30093 
10.005 511.2984 2 


1o 2 


Degrees, 
— = - 


Min 


— — 


E 


— 4. 
* 


10.00041 11.3603 230[ſ¹ 


„* r * 
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* 


1 — 
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| A Table of Artificial Sines, 
*" ER.” Ü 
Tang. 4 Secant. | 


8$,71940[11,28060|t0,00060, 11, 28 120 
48,218 11, 78190, oo060 11, 27880 
$,72420/11,27580 10,00061 | 11, 2764158 
8,72059441,27341[10,00062 11,2740 
8,72896|11,27104|10,00062 11, 2716656 
8,7313214, 2086810, 0063 11, 26931 
8.73386 11, 2663410. 000641 . 
6 8,73600/1 1,26400[10,00064 11, 26465 
8.73832 11, 26168 10, 0065 11, 26233 

8,7400631 1, 25937 lo, ooo 11, 20003 


— —— — -— — 


9.75 722302457 1,0791 1, 24047 
8,7564501, 243550, 00111, 24425 
1708.7 57969. 99929 8,7586711, 4133 10, ooo 111, 24205 
1808.760150. 99928 8,7608711, 2391310, 007211, 23985 
198,252 34.999227 8, 76307 , 23524 % 11,2375 
2018,7045 119-99927 | 8,765 25/1 1,23475 110 9074/3549 
| | 8,76742]11,23258[10,00074|11,23333 
8,7695811,23042[10,00075j11,231t7 
8,79173|11,22827j10,00076|t1,22903 [3 
2418,7731019-99924|8,77387|11,27613|10,c0077|11,22690(30 
25 8,77 522 9.99923 8,7760011, 2240110, 0077 11,2247813 
,2618,7773 9-9992218,77811 11,22189110,00078|11,22207 
8,7802201 1, 21978 10,0079 11, 22057 
78152 9,9992108, 78232011, 2176810, ooo80 11, 21848 
783619. 99920 08,7844], 215 59 to, ooo fi. 21640 
3 8,78508.9,99919 [8.78649 11,21351 lo. ooosi 1141433 
7 —] vine. | I Tang. | Secgnt. 
A 86 Degrees. es 
— — — —— ͤ — — 
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9 * 


"Fahgents, and Secants. 


3 Degrees 


— — 


2 
— 
& 
— 

wn 


4713-81944 


5008 82: 82513 
15118:22701 


3115.7877419-99918 
3218 78979 9.99917 
13318-79183 [9 99917 8. 79266 
3419.7938619 99916 8.79470 


3713-79990 [9-9991 3 8 
919- 9913 8. 80277 
3248.803889. ee 
5 [9-999 1 18.3007 4 
9990 8.80872 
4208. 80978 9.99909 8.81068 
4368.871173 99909 8.81264 
4413-81367 19 99908 [8.81459 
9-99997 [3.81653 
9 99906 {8 91846 11.18154 
8.82038 11.179652 
4808.82134. 999048 82230 11.177770 
4913-82324 [9-99994 [9 82421 111.17580 
.99903 [8 82610 11.1. 17390 
9 11.17201 
11. 17013 


99905 


99902 


al — * 


8. 80476 


8.8279 
[5218 82888 (9:99904 [8.82985 
538 83075 9.99000 [8.83175 1.16825 
15413-83261 [9.99899 18. 3.83301 11. 11.16639] 
[55/8 33446 (9.99898 [8.83547 7716453 
5618 83630 19-99898 [8 83732 11.16268; 
5718-83813 [9-99897 [8. 33960, 11. 16084 
998968. 


11. 15718 10 corog[ti.1582:} 
| 


11.155 36/10 10 ooh. 15642 


| . r 


11.281351 
5 11.21145 


11. 209391 
11. 20734410 EY 20617 27 


11. 22 Nee 


11.20327 
11.201235 
1119924 
1119724 
11.19524 
11.19326 
t1.19128 
11.18932 
11.18736 
2 — 
1118347 


156 


10. 00084, 11.20614 26 
ID, oog TH? 2041 


to. oog 200104231 
10. 0008711. 19811022 
10. 00088 11.1961 22! 


12 — — 6 


10,00090[1 t. 19218 19 

10. oo 911. 19022118 
16 oi. 1882 is 
I 

to.00093/i7, 1844 
10. 00941 1. 18245014 
10.00095|12.1805th1 3 
10. 09e f. 17866 12 
10. . TRE 11 


11. 1692; 7 
10. oo 101 11.1673 6 
10.00102|11.165544 5 
o. oo 102.1 1.16370 4 
10.001031 1.16187 3 


10. 0010411. 16004 2 


— 


A 
——J 


2 Ge cena 


1 6 1 — 


Ffz 


4321 


A Table of Artificial Sines, 
4 Degrees. 


„ 


Secant. 


| Sine | 


11.15642| 60 
11.154601] 59 
1115282 58 
1t.t5103] 57 


10.00 106 
10. 00107 
10.00108 
10,00109 


1715550 
11.15355 
1145174 


8.84355|9-99894|8 
8 845 3919-99893 
8.8471819-99892 


— 8 
* — 3, 


— 2. 


lo 0 © in | wa = ol uy 1 


8.84897 


8.86128 


8.85075 
8.85252 
8.85426 
8.850059. 
8.857809. 
8.85995 a 


8.863019. 


8.86645 


9.99891 


9-99891 


9-99890 


8.864749. 99 8. 
9988218. 
P 
8 86987 9.99880 

8.871579. 99880 


1114994 
11. [1.14515 


11.14637 


11.144060 
11.14283 


1114107 
11 1393! 
11.13757 
11.13583 
11 13409 


10.00110 


10.00110 
10.0011 
10.00112 
10. 0113 
10.00114 


10.00115 
10,00110 
10 00117 


11.13237 


11.130565 


887277 
8.87447 


818.87616 


11. 12894 


1112723 
1112553 
11 TE, 
1112215 
87973 ff. 12047 
11 11880 
11.11713 


11.11547 
11.11382 


10 00118 
10.00 0119 


10.001 20 
10. 00121 

10. 00122 
10.00 122 
(1000123 


10,00124 


10,00125 
10.001206 
10. 00127 


10.001 28 


11.14925 5 


71. 14748] ce 
[1.14571 
11.14395 
11.14220 
11.1405 5 
11.13872] 
(1.1 3699] 
11.13526 
11.3355 
1.13184 
11.130173 
1112844 
1112675 
11. 12500 
11.1233 


11. 11020 33 


11.108568 


— 
>. IS. 
5 — « Ii 

4 an, mg, * ö * 


— V 


4 Degrees 


zo 


8.89464 


8,9247 1 
8,92501 
8,92710 
3,92859 
8,93007 
8,931 154 
8.93302 


999660 
31] 8,89625 [9,9986518,89760 
32] 8-89784[9,99364]8,89920 
998638, 9008 


99851 9.957 
8,919599,998 50 
8,9211009, 99849 
8.92261 9,9984 

299846 + toe? bore] 
9.99845 
9.99844 
9.99843 
9,9984 2 
9.99841 
9,9984c 
8,93448 9,99839 
$,93594 9499838 
8,93740 1999983 7 
8.93885 9,99836 
$,94030[9-99834 


Sine. 


—_ CO 


8,89598 


11,0850; 
of 11,08351 
11,08 197 
11,8043 
11,7890 10, oo 151 
11,077 3810, 00152 
11,0 586˖0, 0153 
11,07435,12-90154 
t11,07285[l0,0015 5 
I 1,07134 10,00150 
| 11,96985[10,00157 
8,93165] 11,583 5/19, 0158 
83,9331 3|11,06687110,00159 
8.934201 1,065 380to, or 100 

11,0639 1010, 016. 
8,93757| 11,06 0102 
8,9390311, 0609/10, 00153 
8,9404911, 0595 1010, 0165 
10, 0160 


8,92262 


11,09 420 


11, 1053 
11, 10375 
11, 10210 
11, 10057 
11,09898 
11,097 40 
11,09583 


11. o 
geg 
1 1,08960 
1 1,0880g 
11,0865 1 
11,08 598 
11,0834 
11,08193 
11, 8041 
| 11,7890 
1107739 


1107439 
11,07290: 
1157141 
1106993 
1106840 


— 


1106699 
11,0655 2 
11,06406 
$1,092 50 


11027 
Secant. "| 


11 97589 


11051u 16 


** 


— 
. ** 


Min. TIS dd va > vi] oy Gon 


"A Table of Artificial Sines, 


— 1 — * 


5 — 


2 $.9431719-998 3218 
38.944619 99831 
13 245030.92839 73 


8.95029 9 99827 £ 
; 8.951709. 998 26 8. 
2 En] | 


1158855 
11.056660 
11.5515 
11.0837 
11.056227 


17 11.556 
5111.049409 
1104790 


1104656 
122411 


1.04373 
11.04233 
11.04093 


11.03813 


1.03675 


11-03536 


11.03398| 


1103261 
4.3123 


11 52987 


1102175 
11. 02041 


11.001775 


Tang. 


1.03953 


1102850 
11.0271 
1102579 

6] 1 [1.02444 


11.023091 


11. 01908 


10.501565 
10,001 67 
10. 00168 


10, 00169 


10. oo ft 
10. 00171 
10. 00172 
10.00 173 |! 
10.001 


10. 50188 11 
10. 00190 
10.00191 
10.00192 
10.00193|! 


10.00194| 
10:00196. 
10.00197 
10 00198 [1 


fa 01642 


10.00199 
10. 00200 


— CO II 


Ge. — 


* 


1105 5970 55 85 

11.058260 59 
11.056830 58 
11.05539 $7 
11.05 397] 56 


* © 
a 
— — — * = — — 


11.041331 47] 
11.03995| 46 46 
11 22215 45 


faſt Mi i ib i 12> ton con cen nm 


— n Pre — 
- - - o 42G 


[ 435:1] 


33 


2 
8, 98808 9,9979 8,99075 12,0098,(10,00207 


Secant, 


8,98157|9»9 


8.98549 9,9979 919875 11,01 24710,00204| 
9867919+99795| 5,98 9888 4] 14,01 1 46130,00205}1 1,0 


0,90208[: 


8,9893 [9997921 8, 99145 14,00855pt0, 
99066 9,9979108, 9927501 


$.9957719-99786] 8,9974 
8,99794 [9-99785] 8,999 


or eln LO wy Dn _——_==7 


3 
Py 4 


— 
8, 98358 11,01642 10, 200 en 
8,98289 999798 4.98090 11, 01 526j10,00202|t1,017412 4 
8.98419 9,9979708,9862 1,0137890, 0 0 1,0158028 
11,0144 2 


4318, 99830 90,9978 
+#|3,9995619-99782} 9,0017; 10,0921 8j4 146 
4510,0008219,997314' 0,0959910, 25 191875 
[4919-90207 999780 10,9957 310, 00221 0 80 
479.0032 9.997780 10,994 5, 22 o, 9 
48 9.00485 999777 10,9932 40,00223 10995 
49] 9.90581 99977619, 0.002244 10,994.20} x 
50 2 999775 0,002 2610, 
5119,00828 9299773] 0,092 3 7] 10,9947 
52] 9,00951 9,997 72 0,0923 
5319:91074 9,9977 0,0229 
54] 9.01196 9,997 00 
55581378 9,99708 
569, 01440 9,9977 40, 983251, 00233 
5719,-01.561 9,99765 10,9 82040, 0035/1 
58] 9,01682 9.99764 10,98082|40,00336 | 
59] 9,01803; 9,9976 es 10981 
509, 9.91993 99976 ; 
Sine 


[436] 


— 


"A Table of Artificial Sines, 


1 


159, 036900, 99741 

1609.03 805%, 99740 
03920, 99738 

04034 


— Ss 


203243 10,96758 
— — — — — ö 


9,037 14010, 96286 


9055540, 94447 


6 Degrees. 
— — —— —— — — 


Secant. | 


9,02162/10,97838| 


9,02283110,97717 
9402404 10,975 g6 
9,02525 10,97475 


9,92040/10,97355| 


9,02766, 10,97235 
9,92885 10,97115 
9:93905|10,96995 
9,03124j10,96876 


970336110, 96639 
9,03479 1 0,96521 
9,03597,10,96403 


9:93332)19,96168 


8 566 
999720 ($,o5966 


1.97957 
1097837 | 
10,9778 
4 | 10,97598| 


16,9807) 


10,97480 


10,00247 | 10,97361 
10,00248; 10, 97243 
10, 0249 10, 97 1 20 


10,00253 | 10296774 
10,00255 , 10,96658 


10,00251 |10,97008 
10,00252 0590891 


10,00256 + 
10,00258 
10,00259 
10,00260 
10,0262 
to, 0263 
10,0026 5 


—ů— — 


10,00266 
10,00267 
10,00269 
10,00270 
10,00272 
10,0273 
10,0274 
10, 90276 


10, 00277 1 
10, 027910, 
410,002 - ; 


10,96542 
10,96426 | 


10963 10 


10,96195 | 
10, 968860 


10, 95966 
— 
10,9738 
10,95024 
10, 95511 


10, 9539703 


10,9528 
10.95172; 


1 Þ +Þ > +> jv wa Va to, r 


437 


Tangents, and Secants. 


Degrees. 


30 9,05 380 
3119,05497 
33 9,0560 
319,05717 
24 9205827 


65456 


43 9.0 


Tang. 


9,997 200,09 


9.997 1909, 05778 


28525 999707 
9.06481 9.99705 


804 9.99701 
4.9591 1 9.929590 


567018 [9,9569*[9,07320| 


258556 
9768775 
9,0688 5 


9,06994 
9,07 103 
90721 


9,99 by. 
96 [9,99702 


99696 957826 
9.99095 88 


5.99690 09,07 ET 
99.079 
4 A175 I 


1 


— — 


10,94334 
10,94222 


10,94110 


1 3885 
10,9388 


19,93776 
10, 93665 
10,9385 


10,93444 


19,93335| 19,90293 


10.93225 
10,03115 
10,93006 
10,92897 
1.92289 
10,9268 
10, 92572 
6|19,92464 
3 | 10,92357 
10,92245 
10,92142 
10,92036 
19,91929 
10,91823 
10,91717 
10,9163 1 I 
10, 91805 
10, 91400 
10, 91295 


10,00298 
10,00299 
10,00301 


| 10,6302 
o, oo 304 
10,00305 
10,00307 
10,00308 


— Q— 


10,00310 
10,00311 
10,00313 
10,00314 
10,00316 
10,00317 
10, 0319 
10, 0320 
10,00323 
10,0323 
10,00325 


10,94614 
10,94 503 
10,94393 
10,94284 
1994173 


10,9406z 
10,9 3954 
10,93845 
10,93736 
10,93628 


10,935 15 19 
10,93412 
10,93 304 
10,9319 
10.9309 
10. 92982 
10, 92876 
10,9769 
10, 92663 
10, 92558 


10,92452 
10. 92347 
10 92242 
10,92137 
[10,92032 
10,91928 
10.91824 
10,9720 
10, 91617 
10,9514 
10,9141 


Secant. 


10 


4 


—F I" 


- wc 


” 


15 0 


—— 
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"A Table of Artificial Sines, 


4. 
Ws... ** 
a + \ : 
. 


7 Degree. 


| Tang. 


9.08914 
9.69619 
9.09123 
9.09227 


— 


519.09t01 9.99607 9-094 34 
6'9.092602 9.996669 09537 
| 719-09304 [9:99664] 9:09040 
8909455 [9:99663] 9-99740 

9:99506 999661 909845; 
10/9.09606 9.99659] 9-99947 
r119.09707 [9.9965 8[9-19049 
29. 980 9.99856 9•10159 
139.9907 9 996550910252 
1. 9.10006 9.99573 21038 
150. 10106 [g 9965 109. 10454 
169.10 205 9.996509 10557 
1709. 10304 9.996489. 10556 
189.10403 999647910755 
199.1001 9 996 9.10856 
209. 10599 9.995439. 10956, 
2109. 10597 9.996429. 11056 
9.10795 9.996409.11155 
9.10893 9.996389. 11254 
2409. 10990 999537011383 

25011087 9.99035]9-11452 
2609.111849.99634/9 11551 
279. 1128 1 9 9963209 11649 
28 9.11377 9.996309. 11747 
2909. 11474 9.996299. 11845 


310. 89647 


10. 91086 
ro. 909f1 

10.9087 
10.9077 
ro. 90670 
10. 90566 
ro. 90463 | 
10. 90360 
r0.90258. 
1090175 
9e 
10.8995 I 
10.89850 
10.89748 


L 


10.89546 
10.89445 
10. 89344 
10.89 244 
10.389144 
10.89044' 
10.88944 
10.88845, 
10.88746 
10.8864 
10.88 548 
10. 88449 
10.883511 
10.882 53 
10.88 155 


300.115 20 9.996279. 11943 
5 Sine. 


10. 88057 


| Secant, 


10,00325 
10.00327 
10.003 28 
10.00330 
10.00331 
10,00333 
10.00334 
10.00336 
10,.00338 
10.00339 
10.0034T 
10.00342 
10 00344 
10.00345 
10,00347 
10.00349 
10.003 50 
10.00352 
10.003 53 
10, 0355 


10. 0357 
10.0358 
10. oo 360 
10.00 362 
10. 00363 

10. 00365 
10. 00367 
10. 00368 
10. 00370 
10.00372 


| 


10 91411058 
10.9130 G 

I0.91205 56 
10 9110357 
IO 9100156 


— 
90298154 
10 9696, 

10. 90595 52 
10.90494151 | 
10.90394]50 
10 901934 
1.909447 
10. 89994 

10. 89894 45 
10.89795[44 
10. 89696043 


1—. 8959842 


10. 8948941 
r0:89401];0 
10. 8930339 
10. 89205 39 
10.89107 7 
10.89016 36 


10.88913 35] 


10.00373 
bo 


Tang. 


r 1 


—_ 


82 Degrees. 


— — 


— ant — es a A. i 


ceyvrYat 


2882 


as 


my 
SS IRST S SIS Ser 


101 
Tangente, „ and Secunts 


— — — — — — 


. — 


S | Sine. 
5 


— ü—ü—ä þ 
30, 9.11570 19,99627(9,32943 | 10,88057 1875637 1875635 39 
3109,11666 9, 996259, 1204010, 87960 10,00375 10,8334 29 
32 9,1761 9.99624, 12138 o, 87862 10,0377 10, 88239 - 
33 9.11857 [9,99622[9,12235 |10,87765| 10,00378 55 
3491122 2.92502 | 10,87663| x0,00380[10,88048 
35 |9,12047 9,9951 9%. 22428 10,7572 10,00382 10,8795 3 
369,12 142 9,9967, 252510, 87475 10,00383 [10,87858 þ2 
37 9,12236 9,9961 500, 12620 10, 87379 10, 00385 10,87754 23 
389,123 31 6,9967309, 271710, 87283 10, 0387 10,8769 f 
39|9+12425 [99961 2[9.12813 2871821970388 [10,87575 [21 
40 9512519 e 10. 87091 1000390 507 
| 


n 


| 
20 


41 | 9-12612[9,9960819,13004 | 10,869g6} 10, 03920, 873881 
42| 9-12706[9,9960719,13099| 10,86g01 [10,00393 10,87 295 
43 9-1279919,99605 19,13 194 10, 86806 10,00395 ho,87201 
44912893 [9,9960 319,13289 [10,8671 1] 10,00397 flo, 8/105 
45 9.12985 9,99602 9.13384 10,86616 10,003991k0, 10,8701; 
4619,13078[9,99600[9,13478 | 10, 86522 10,00400|10,86922| 
4719-13171 [9,99598[9,13573[10,30427 | 10,00402 [10,36829] 
43|91326319,9959({9,13567 þ10,86333|10,00404[10,86737 
|49|9-1335 519-99595[9-13761-|.10,86240| 10,00405 [10,8664 
$0|9.13447 [9-99593[3,13854 [10,86146 | 10,00407]16,8655 3| 
511941353 9.5959 9,1394810 86052 10, 0409 10, 86451 
529,13630 9, 995899, 1404 110, 8595910, 0411 10.86370 ; 


. 


— 


2 


1 
— 
D 


| 


— 
> 


— 


— 
py a oy 


r 


. 


— 
a. 


1 5319,1372219,9958+[9,14134 [10,85866 | 10, 041210, 86278 
| 54] 91381 319-995 863, 14227 | 10,85773| 10,9241 410, 86487 * 
3 — — 2 — 12 
ö 559, 3904 [9,995 84 9.14320 10,85080 10,00416]10,86096 | 5 
561913994 [9-995 8219,14412 10,5588 ro, oo418 10, 86006 4 
| 5719414985 9,9958 1, 14504 10, 85496 10, 04191, 880153 
ö 58 9,1475 9,9957909, 14597 10, 85 403 10, 042110, 88825 2 
5909.142009, 99577, 14689 10, 85312 (0,00423119,857344, 8 

| 601 9.14356 19-9957 51914730} 19,85 220] 19,00425 [10,85645] 0 
| Sine. | Tang. Serapt: 8 
82 Degrees. | 5 


5 [ 4490 ] 
Afri of Artificial Sines, 


1 | 8 Degrees. 


Tang. Secant, 


9-14356 [9-995 751 9.14780 [10.85 320[10.00425 
I 119-14445 [9-9957419-14872 [10.85 128 flo 00427 
\ 9.14963 [10.85037 [10.00428 
1 4219-14624 9 99579 9-15054 10.84946ſt0.00430 
. 9.44214 9.25658 9.15145 10.8485 5 0.00432 
f ' 9.15236[10.84764[10.004 34 
619.14892 959555 9.153270. 84673 [10.0043 
9.99563] 9-1541710.84583110.00437 
69 9-99561|9-15508[10.84492[10.00439 
9019-15157 19 99559 9.15598 10.844020. 0044 
47 10.843 12 0.00443 
+ 1]9-15333 [9-99556[9-15778 [10.84223 10. 00445 
12.154210 99554915867 [10.841 3310 00446 
1 3/9-15598 999552015957 [10-84044 [10 00448) 
{1419-15596 9-995 50 9.16046110/83954[10.00450 
1519-15683 [9 99548 9.16135 10:8386; 10.00452 
169-15570 9.99546/9.16224|10.83776110.00454 10.84230/44| 
1719-15857 9.99545|9-16312 10.836880. 00455 10. 8414343 
1819-15944 9.995439. 16401 [10 83599 0.004570. 8405742 
19 16030 9 9954100. 16489 0.83811 flo. oo 459 10. 83970041 


209.161 15 9.995 39 9. 16577 10.8 3423 10. 00461 10. 83884 40 
[2119-16203 9.99537 9.6565 1.83335 10.00463 10. 83797039 
12219-16289 9.995 35|[9-16753 0.83247 10.00465 [10.83712 38 
[2319-16374 9-99533]9-16850.10.83159110.00467[10.83626 37 
[24]9-16460 9 995 3219-16928 j10-83072110.00468[10.83540 36 
2519-16545 9.99530 9.17016,10.82984[10.00490[10.83455'35 
| 2619-16631 9.99528/9.17103 0.82897 10.004720. 83369 34 
16716 9.995 2609.17 190 10. 8281010. 00474 

16801 9-99524,9-17277 10.827 23 [10.0476 
299.168 86 9.995 22,9-17363 10. 82637 0.00478 
3009. 16970 9.9952 19:77450 — — 


©; 
Tine. Tang. 


x7 
W 
— 
wy 
to 
+ 
wy 
\o 
8 
wa 
wy 
2 
D 
— 
2 
S 
G9 
9 


„„ - 4 
* 


Fn 


[ 441) | 


AS) Sent At ME 


NO I I On 


Dee and Secants, 


8 Degrees. 


| 


32 9.1 7139 


3519-17391 


3719-17558 
3819-17041 


40]9-17807 


4519 


4719-18383 
4809. 18465 
4919-18547 


{5019 18628 


5119.18709 


54 9.189 

5519-19033 
5619.19113 
$719-19193 
5819.19273 
5919-19353 


22 


3619 17474 9.9959 


5219.18790,9.99478: 
5319. 1887119.99476 
5219-99474 9.19478 10,805 22 


309. 16970 9.99520 
3119-17055 9.99518 


9.99517 


3319 17223 9.995 1517705 
3402.22.22 


9.99511 


0 


9.99507 
9.99595 


39217724 9:99525 


9-99501 


4119-17890 9.99499 9.18391 
| 4219-1797 3,9-99497 [9-18475 
1805 59.994969. 18 560 
3-1 813919-99494[9-18644[10-81350 
18 2209.99492 
45 9.18302 9.99 4909 


9.99488: 
9.99486 
9:99484 
(9:99482 
9-99480 


Tang. 


17450 
17536 


10.892464 
17622 


10.82378 
10.82292 
9.17794 j10.82206 
9.17880|10:82120 
9.17966|10.82035 


9.18051 [10 81949 


9 18136 10. 81864 I 


9.18221 


18306 10.8 1694 


10 81609 
10 81525 


1081440 


9.18728 
.18812110.81188 
g 18896(10.81104 
9.18979 10.81021 
219063 flo. Sog gꝰ 
9.19146 10 80854 
9.19229 10. 80771 


Sine. 


9.99473 9˙ 19561 
9.994709 19043 
9.99468 9.19725 
9.99466 [9.19807 
999464919889 
2.99452 19-19971 


9.193120 80688 
9.19395 [10.8060 


10.80439 
10. 803 57 
10.80275 
10. 80193 
10. 80111 
10. 80029 


Tang. 


10.825 90 


10. 81779 


10.812752 


ö 
1 


| 


10 004 


— od 
I 0.00489 


10.004 97 


10.00499 
10.0001 


10.00503 
10. 0505 
10. 0507 
| 1000508 


10.005 12 


0.00516 


0.00526110.81048 
10.005 28 


10,005 34 10.980727 


10.006538 


o. o0482 10. 8294529 
o. oo 48410. 82861028 
0.0048 5 
o 00487 


0.00491 
0.004959 


10.82193[20 
10.82111ſ19 
10.82027|18 


10.81949]17 
10.81863[16 


10.8 1 — 15 
O. 005 10 10.81698 


10.816113 
1 10.815352 


0.00518 
0.00520 
o 00522 
0.00524 


10.81372|10 
10.81291 
10.8121 
t0.8112 


10.80968 
.005 30110.80887 
005 32110.80807 


o 00536 — 


10.805 | 


I Secant. | 


81 Degrees. 


wn 


— 


10.814531 


to * a +. Fow 0 


— — 


> 
- a — 22 


113 9, 20458 


* 


— 


Tang. 


| — 
2994021941 9971}! | 
1954 2.99465 9, 20053 

9755485 9.20135 
39.190 2 9,9945 b 0e 6 
4 2197511999654 922 9,20297 
,198309,99452/9,20378 
619»! . 


79.199889. 994489. 205 40 
8%. 20007, 994469, 20621 
2 9,20145/9,99444,9:20701 
10 -2022319,99442,9-20782 
11 {920302 9.99440, 2080 2 
129.203 80 9,99438,9,20942 
9,994 36,9,21022 
9+2053519-994 34i9,2 1102 


15 759-2061 3 3.9,99432;9-211 9,21182 
10, 99430 9,21 261 
17 9,20768 (9:99427/9-21341 

95 99425921420 
222222 299485 2221499 


21% 107 " . 
229721153 99417 ,21736 
99415 9,2181 
9.9941 99413/9-21 893 


9.9941 1,9,21971; 
99409 9.22049 


52122 
24 22130 — 
25 9.2 | 1382 
46.4454 


27 9,2153409, 99407 9,22127 
28 9.21510, 405 9, 22205 
2919-21685 


9,0402 22283 


8 5 _9 — 


Sheane. 


— 
10,005 38 


i [10,80029| 


„„ „„ 


| 


10,79947 
10,79866 
10,79784 
10,79703 
10,79022 
10,795 41 
10,79460 
119,79379 
10,79299 
10,7921 10,79218 


10,79138 


10, 7905 8 
10,8978 
10,78898 
10,788 xc 19 
10, 78739 
10,7 8660 
10,785 80 
10,7850 
10,78422 
10,7 8343 
10,78264 
10,78 186 
10,78 107 
10,7 8029 


10,7795 
10,7873 


10,7777 
10,77039 


9-9940019. 22 22361 
Ln 


3019 21761 


oy 


+ 


Tang 


10,77795}* 


A \ Table of Artificial Sines, 


10,005 40 
10,00542 
10,00544 
10,905 46 
10,005 48| 
10,00550 
10,00552 
10,005 54 


10,005 56110, 


10,00571 
10, 0572 
10,0575 
2 
10 10,0057 
10, 0581 
to, oo 83 
10,005 85 
19,0087 
I0,00589 
10, 00591 


598 10.78315 
10,78239139 


| 


| 


7 : 


10,78924139 


10,78847 [3 


10,7 8760 
10. 78390 


decant. | 


80 — 


— 88 1 


US 1» 
wil Ao be EY woo war war wan = 


56 


— — 


| 


rr. oomo——— 


/ 
\4 C 


443 1 


1 — 
„„ 


Tangents, and Secants. 


* 


9 Degrees. 


33 


| 3719-22286 9.99385 
38 9.22361 9.99383 
| 39]9 22435222381 


22657999375 
440.2280509 99370 


5219-23 390 9499353 
9-23463 9-99351 
$419-23535/9-99348 
$519-23607j9-99340 
5619-23680 9-99 344 
| 56719-23752 9-99342 


5919-23895,9 99337 
9:23967/9:99335 


— . Ov. 


40.2509 9.99379 
22583999377 


9.228789 .99308 


| Tang, 


3019-21761 9.99400 
3149-218369-.99398 
9.219129.99390 
9.21987 9.99394 
9.22062 9.99392 
3519-22137 9-99390 
3 9.22212 9.99388 


22364 


22438 
22516 


22593 


22747 
22824 
9.22901 
2 927 


— 


10.576 39 
10.77502 
10.7 748 7 
10. 77404 


2267010. 77330 


10.77 253 
10.771760 
10 77099 
10.77023 


-23054 10.76946 


.23131 
.23207 
9.23283 
9-23359 
9.23435 
9.23510 
9.23586 
9 23661 


6219-23737 
19 23812 10.76188 


9.23887 
9.23962 
9424037 
9 24112 
9.241 87 
9.24261 
924335 
9.24410 
9.24484 
924558 
9.24632 


Sine. 


10. 76870 
10 70794 
10 76217 
110.76641 
22 


10.7641 4 


10.763 39 
10.76263 


10.760113 


10.76490|10.00632 


1 Secant. 


10. 00602 
10. 00604 
10. 00606 
10 00608 
10. 00610 

10. 00613 
10.0061 51 
10. 00617 
10.006 19 


10 00621 
10. 00623 
10.0062 5 
10 00628 
10. 00630 


10. 77491 
10.7417 


I 0.00034 
10.00636 | 
10,00638 
10.00641 


10.0004 3] 


10.76038 


10.75888 
10.75814 


1109-75739 
10.7 5665 
10.7559 
10.7516 


10 75963 10 00647 


10 00645 [to. 


10. 00649 
10.0065 2 


10.0065 4 
10. 00656 
10. 6065 8 
10. 00660 


10:75 442 
10.75 308 
| Tang. 


| 


10 00663 
10.0066 5 


80 Degrees: 


1 
i 


— 5 » oa. # << . > oe. 


<7 — —ͤ— 


La! 


„ '-* 4 


: A Table of Atrificial Sines, 


—_ 


10 


Degrees ' 


20719-9931519,25902| 


— — * 
8 | | Tang. 
* 


9,2396719,9933519-24632 
5 2403 9,9933309. 24706 
541109, 99331, 24779 


8.9.99 30809, 255 10 
8.9. 99306 
89.993428 


809, 99299 8226352 
89.992979, 25871 


9.993 17%, 25219 


9.99313. 25365 
9.993 1009, 25437 


9525582 


9. 99301 9.25727 


9.99294 9903945 
25 39719-99292j9,2001'5 


419,9928519,26229 


9199274 9.20585 
979927109, 2 
9,9927000 26726 
530, 9926709. 26797 


9, 99290 9, 26080 
9,9928 809.261 58 


9,9928300, 26301 
5219-99281 920372 


2119,9927819,26443. 
9,9927619. 26514 


26656 


10,75368 
10,75294 


10,75221 
1 147 
65110, 8074 
10, 75000 
10, 74927 
10, 74854 
10, 74781 
10,4708 


10,740 35 
10,74503 
10,7 4490 
10,74418 
10,74345 
10,74273 
10,74201 
10,74129 
10,74057 
10,73985 
10,73914 
10,73842 


10,73771 
19,73700 


10,7357 
10, 73486 
10,7341 5 
10,73345 
10,73274 


Sine. |} 


10,73203 
Tang. 


10, 73628 | 


Secant. 


0500885 


10, 0667 
10,00669 
10,00672 
10, 0674 
10,067 76 
10, 0678 
10,0068 1 


10,0008 3 
10,00685 
I 10,00687 7 
10,00690 
10,00092 


10,00694. 
10,00096 


10, 0599 


10, 0701 
10,00703, 
10,00706 | 


| 0,00708 | 


15,007 10 10 
10z007 13 
10;00715 
10,C0717 


19,09719 


10,00722 
10,007 24 
10,007 26 
10,00729 
10,007 31 
10,007 33 


10,76033 


10,7961 
10,7 5890 


19175747 


10,75605 
10,75534 
10,5464 
10,75393 
10,75323 
10,5252 
10,75 182 
10,75 112 
10,75042 


10,74972 
10,74902 
10,74832 
10,74703 
6974693 
10,74024 
1 974555 
10, 74486 
10,74417 


10,74348 


10,74279 
10,74210 
10,74142 
10,74073 
10,7 4005 
10,73937 


ww” 


Secant. 


79 Degrees. 


10,7581915 


10,75676 | 


1445! 


36 EY. Tangents, and Secants. 
W 10 Degrees. Wh Rs 
= Sine. | Tang. | Secant. | 5 


— — 1 — — — — . 1 — 


309. 9.20063 9,992071| 9,26797] 10,73203[10,00733|10,74937] 30 
3119,2613 1 [9,99264[9,26867] 10, 313310, 073610, 73869 29 
3209, 26199 9,9926209, 269380 10,73063[10,00738|10,73801| 28 
33 9.26267 99260 09, 27008 10,2992 10, 0074010, 73733127 
34925337 2922209220781, 292210 00743] 10,73665| 26 
35| 926403 [9:99255| 9.27148] 10,7285 2[10,00745j10,73597] 25 
30] 9,2047019599253 9.27219 10, 72782010, 074810, 35300 24 
37 9.26538 9,9925509, 272880 ˖0, 727 12010, oo 50 10, 7346223 
38926605 9, 992489, 2735710, 2643.10, 55210, 73395022 
39] 926672199924 519,27427110,7 2573110,00755110,73328| 21 
409, 26739 9.99243 9.27496 10, 7250410, 757 10,7 3261 20 
& 9,26807|9-99241|9,27 566] 10,72434[10,00759] 10,73194] 19, 


py 


9,2687319-99238| 9,27635| 10,72365[10,00762|10,73127 w 
9,9923609, 277041 10, 72290110, 076410, 3060 
440.270 999214 9277730 19,72227 10500567 10, 22993 16 
4519,27074 9.99231 9,27842 15,72158 10,0c769 10,72927 T 
4619,27140 9,9922909, 27911010, 2089 10,007711 10,72860] 14 
479, 27206 9,9922609. 27980 10, 2020 10, 0774 10,7279 
9,27273 9.992249. 2804910 71951 10,00776[10,72727| 12 
49]9,27339 9-9922119,28117] 10,7188 10,00779] 10,72661| 11 


5119,27471 9,9921709, 28254 10,71746|10,00753|10,72529] 9 
529, 27587 9,9921409, 28323010, 1678010, oc 78610, 72463] 8 
| 53]9,2-602 9,99212[9,28391] 10, 1609.10, 088 10,72398 
9,27668 9,99209|9,28450 10,71541/10,00791] 10,72332 6 


9,27734 9-99207[9,28527]10,71473 10, ogg 10,722 
9,27799 9,99204|9 23595] 10,7140 5/0, 0790 10, 2200 4 
9, 27864 9,9920209, 28662 10, 71338010, 0798 10, 721360 3 
9.27930 9, 992009, 28730 10, 7 1270010, oↄ8 00 10, 72070 2 
93954 9,99 1979.287980 10,7 1202010, oo 80g. 10, 720051 
9.23060 2. —.28ů ——— 10,71 135 10,00805| 19,71949] 0 

S 

2 


* 0 8E 
— 
00 


1 Sine | 25 Tang. Hz l Secant. 


1 


2 


= wc et p — rl Eo So 


509, 27405 9,992 1909,28 186 10,7 1814 10, 078 110, 72595 10 


79 . [ 


Gg 


l; 


1 


1 * 


— — 


Tang. 


9.99195 |9-28865 
9:99192|9-28944 
9.99190 [9.29000 
9991879 29067 
9.99135 9-291 34 
6.991829. 29201 
9 991809. 29268 
9.99177 (9.29335 
999175929402 
9991721929408 


189. 29214. 991 50 [9.30004 
g-2927719-99147 |9:39130 
99145 |9-39195 


£819.2984 119-991 24 [9-39717 


— — 


10.71135 
10.7 1067, 
10.7 1000 


10.70933 
10.70866 


10.70799 
10.70732 
10.70665 
10.70598 
10. 705 32 


10. 70465 
10. 70399 
10. 70332 
10.7026 
10. 2020⁰ 


| 


10. 70134 


* 


Secant. 


10. 00805 
10.00808 
10.00810 
10.008 13 
10.0081 5 


10.008 18 
10. o0o8 20 
10. 00823 
10.008 25 
10.058828 


10.008 30 
10.00833 
10.00835 


10.70008 
10.70002 


10.69871 


10.69739 


6110 69674 


10 6 

10 09543 
10:69478 
10 69413 


270 29779/99127 V. 3005210. 


9912209 30782 10. 
9-991 191939846110 


Sine. 


10.69930|[10.00859 


10:69805 [10,0085 5 


10.00848 


10.0085 3 


10.00858 
10:00860 
10.00863 
10.00865 


% 


— 


10.71940 
10.71875 
10.7 1810 


10. 71746 
10.7 1681 


10.7 1616 
10 71552 
10.7 1488 
10.71423 
10.71359 
I0.71295 
10.7(231 


6o 
7 
58 
57 
56 
55 
54 


53 
52 


51 


50 


10.71 167 


10.7091 3 
10. 70850 
10.7078b 
10 70723 
10. 70597 


10.7047) 


10.70221 


10.70035 


10.71104| 47 
10.71040] 46| 


0.709761 


10.70660 
10.705 34 
10. 20409 


10 70340 
10. 70284 


10. 70159 
10.70097 


Secant. | 


49 
40 


45 
44 


= 4 a>. ad. ad e 


0441. 


Tangents, and Secants. 


58 9731 669 


I Degrees. 


9.30090 9,9911 


930275 9.99100 
9,303 36 9,99 104 
9.30398 9799101 
9,30945919»99099 


9,30765 [9,99086 
9:30826 [9.99093 
9,30887 599080 
9, 39947 [9,99078 
9,3 1008 9, 99075 
9, 31069 , 99072 
9131129 1999079 


9,3OIF;119,9911219,31040 
9.39213 [9-99109| 9.31104] 


9.39521 [9:99096 


— — — 1 
9.29960 [9,991 19] 9,308.46 
9,30028[9,99117[9,30g11 


939975 


9,31169 
9.31233 
9.31297 
9,31 301 
9.31425 


9,31489 


9,3101 
9,3168 


31743 
9,31806 
9.31870 


9.31933 
9.3199 
2132059 


50] 9,31 189 9,9906 


9531250 9, 99064 
9.3 1310 0, 99062 
9.31370 h, 99059 
931430 [9-99957 
9,31490 [19,9995 4 
9,31550 19,9905 1 
9,3 1609 999049 
99040 
9.31728 9, 99043 
9.31788 9.99040 
Sine 


932122 
9.32185 
9.32246 
9, 34301 


9.32430 
9.32498 
9.32401 
9,3 2623 
9,3268 5 
23 


Secant. 


16,691 54/0881 


10, 6908910, oo883 
10, 6902510, oo886 
10, 68960 0, 0889 


10, 6889610. 00891 


10,6883 2010, 0894 
10, 687010, oo890 
10,68703 10,00899 
10, 68639510, oo901 
10,685 75110,00904 
10,08512 10,00907 
9.3255 2 10, 68448010, ooo 
10,683 8410, 0912 
10, 6832 1110, 091 5 
10, 68257 10,0091 7 


— — — 


10, 68 194 10, 0920 
10,68 130 10, oogzz 


10, 68007 


10, 68004 


10, 67941 
10, 67878 
10, 67815 
10,6775 2 
10, 67689 


9.32373] 10,67027 


10,07 504 
10,67502 
10, 7439 
10,07377 
10,67315 
10,67253 


Tang. 


10, 0925 


10,0092 8 
10,00930 
10,0093 3 
10, 00930 
10, 0938 


10, oog 41 


10,00952 


10,00944 
t0,00946 
10, 0949 


10, 0954 
10,00957 


| 


TY | 


10570035 


10, 6997212 
10, 6961102 


10,9541022 
10,09479|21] 


10, 594180 20 
10,9357 io 
10,69296] 1 

10,09235|17. 
10,69174|16 
t0,69113] 15 
10,0905 3 
10, 8992 
10, 68932 
10, 68871 11 
10,688 11 
10, 687510 
10, 8690 ; 
10,68630 
10, 685 70 
10,585 10 2 


155 
14 


10,6848 4] 


10, 68391 
10, 68331 
to, 68272 
10, 68212 


[10,00900 
HET 


— — - —_ — — — LY -. wa - a. + — To - 


— oh Degr. es. 


: 


8 2 


b 22 R 


— WW — 


L448 1 


[A Table of Artificial Sines, 


F — 


12 


Degrees. 


6 


9.3267 = 
9.22736 9,9899719,33731 
93275 9998994 33792 
32 94419-98992 33853 
28989223213 
9.33974 
9.34034 
9534095 


9 
9, 92978 9,34155 

9,9897519,34216 
9,98972 19,342 70 
9,9896909, 34330 
9,9890719, 34390 
9.9590 9,3446 
29 9896100 34516 
[3519-33534 »98958[9.34570 
Sine. 2 


47 [1 10,6725 53 
10,07191 
10,67129 
10,67067 
9,32995 [10,67005 
553305 [10,66994 
10, 66881 


| 10, 66820 


10, 667 58 


0310, 66697 
6g [10,6663 5 
10,66574 
10,60513 
10, 6645 2 
10, 66391 


10, 66330 
10, 66269 
10, 66208 
10, 66147 
10, 66087 


10, 66026 
10, 65966 
10, 65905 
10, 65 845 
10, 65785 
10,65724 
10, 65664 
10, 65604 
10, 65 544 
10, 65484 
10,6425 


TR” Tang. 


1 


1 


Secant. 


10,00960 


10,00962 
10,00965 
10,00968 


10,00970 


18089975 
10, oo976 


10, 0978 
10,00981 
10, 0984 
10,0098) 
10,00989 
10,00992 
10,00995 


10,00998 


I0,01000 
10,01003 
10, 01006 
10, 1009 
10, 1011 


10,01014 


10,1017 


10,01020 
10,01022 
10,01025 


10,01028 
10,01031 
10, 01034 
10, 01036 
10,1039 
10,0 1042 


10,682 72 


10,6752 


— — — 


10, 68153 
10, 68093 
10, 68034 
10,67974 
10,67916 
10,67857 
10,67798 
10,07739 
10,67681 
10,067622 
10, 67563 
10, 67505 
10, 7447 
10,7388 388 
10,7330 30 
10, 67272 
1067214 
10,671 56 
10,7098 
10,7040 
10, 66982 
10, 66925 
10, 66867 
10, 668 10 


10, 66695 
10, 66638 
10. 66580 
10.665 23 
1,5540 


"Secant. 


— 


77 Degree. 


— 


LO nd oo od A 


[449] 


Tangents, and Secants. 


Degrees. 


9 98916 
3-9891 3 


4819 34547 


c0[9-34658 [9.98901 


55 


5719-35944 , 98881 
5819-35 


Sine. 


9.98927 (9-35229 
9.98924 [9.35288 
9 98921 [9.35347 

4 19-9891919-35495 


9.989100 35581 
98907 9.35640 
92234992 9.2894 [9.35698 


5119-347 13 9.98899 0.35815 
5219 34769 9.98896 [9.35873 
5319-34524 [9.98893 . 35931 
54]9:34379 [9:98890 9.8989 
34934 [9-98887 9. 36047 
5619-34989 [9-98884 [9.36105 
9.36163 
9 [9.98878 [9.36221 
5919-35134 [9-98875 19-3 
6019-35209 [9.9887219.36330 


9-34933 
9.349920 10. 65008 


-35404 
-35523 


35757 


2 [9:98933 [9-35111] 10.6438910.01067110.65957 


10.04712 
10.6465 4 
10-04595 


10.01042 10.0646 30 
10 01045/10.6640G 29 
10.01048 10.6635 3[28 
10.01050[10.66296]27 
10.01053 10.66239]26 


— œ—— — © — 


10.01056,10 56183026 
10.01059/10 6612 24 

10. 01062 10. 6606923 
10.010641 10.6601 22 


o. ioo io. 659 
10.01073110.05844[tg 
10.01076[10,65788 
10 0107 
10.01081 


10,.64536 
10,04478 
10.64419 
10.6430 
10.64302 
10.664243 
10.6418 5 

10.6427 

10. 64069 

10.6401 


36279 


10.63721 
10.63664 


—_ —_— ĩ——— — 


10.010841 
10.001087 
io. ioo 
10. 01093 
10.01096 10.65 39+ 
10.05 342 
10.65 287] 


10.01099 
10 01102 
10. oi 104410. 65231 
10. oi oꝰſio. 651705 
10.01 1100.681210 6 
10. 0111310. 65 o T 
10. 0111610. 65011 4 
10.01 11910. 64956 3 
10.01 122010. 6490 
to. 01125 8 | 
10. 1 
#79! 


. —— 


1 


10.01128 
| Secant. 


K 


f 


77 Degrees. 


2 


G 


83 


_— 


[ 450 ] 


| — — 
Table of Artiffcial Sines, 


be — + Mm 
— 1 


13 Negrees. 


» 


119» 


It 


— 


12 


1 
! 


; 


5095.988572 


5264,98 


353189.98867 
353739.:98864 
49-35427]9-98861 


F[9-3548 2j9,98858 


355369,98855 


1319-3591 
419-359 


59.35 590,988 52 
9.35644, 9884 

908235698 N.9884 

1019-357 5219-98843 
1119-35806[9,98340 
29,3 53860j9,98837 | 9,37 
119,98834 [9,37080 
9,3602219,98828 
I 9,30075 998825 


1 


| 


ce ang. 4 


| —_ — 
9,36336 
8699, 36394 
9,3645 2 
9.36509 
9,36624 
9.36681 
9.36738 
9.36795 
9.36852 


9,36966 
9537023 


2322277 


9.37793 
937250 
9,37306 


6 9.37419 


9.37476 
9,37532 


9.37755 


— „ 


* 5 


r0,63664 
10,63606 
10,635 48 
10,03491 
10,03434 
10,63376 
10,03319 
10,63262 
10, 63205 
10,63 148 
9,3690910,03091 

10,63034 
10,62977 
10,62920 
10.62863 
10,62807 
10, 627 50 
10, 62694 
9,3736310, 62637 
10, 62581 
10, 62524 
10, 62468 
8110, 62412 
40, 62356 
10, 62300 
10, 62244 
9,378 12010, 62188 
937868010, 62132 
92410, 62076 
10, 62020 


| Secant. 
ö 


3 

10,64791 
10,01131 | 10, 64737 
10,0 1133 10, 64682 
10,01 136 10,4627 
10%01139 10,4573 
10,01142 10, 645 19 
10,01145 10, 64464 
10, 1148 10,644 10 
10,0151 
10,1154 10,6430 
1001157 10, 64248150 
10,1160 10, 64194 
10,01 163 10, 64140 
10,1166 10,4086 
10,01169 10, 640321 
10501 172 
10,0175 
10,1178 
10, 1181 
10,01184 
10,01187 
10,01190[1 
10,01193 10, 63605 
10,1196 | 
10,01 202 
ro, oi 205 
ro, o i 208 
10,01211 
10401214 
10,01217 


10,01128 


1,697 


10, 638 18 
10, 63764 


10, 63445 
10, 63 393 
10, 63340 
10, 63287 
10,63234, 
10,03182 


Secant. | . 


1 


10,543 56052 


10, 39794) 
10,638711 +3} 


[451 ] 


_ Tangents, and Secants, 


I 3 Degrees 


Sine. Tang. 


3009.38 79 9.957839 


36924 0.9877 [9- -38147) 10.61 


34 9 32029 9.98771 
3519-37081 [9.98768 | 
3619-37133 [9-98765 9- 38368; 10. .61632 
3719-37185 h. 98762 19 38423, 10.61577 
3819-37237 98 75 38479 10. 61521 
392322890282 [9:38 $34 1961466]to0.0 
400 37341 [9-9875319-38589 1885747178 
41.373939 987509. 38044 (9.61356 
9874719 38699 10.6130¹ 


38808 10 $1192] 


5.98737 -38803110.01137 
98734 40572 10. bros 


1 9. 3919 to. 50 18 
1987 16 9.39245 10.6075 5|1 
5.39299 10.60701 
9-98799 [9-393 3] 19-20047 


55[9-38113 9.98700 -39407| 10.60592 593] 
8 39461 A9 5 $i 


pa: 9 8694. 7 


99383689. 98529 39677 . 


——ͤ 
* wa 3 - PIR —— 


9.38035 70 70.5 7965 to. OR io 


555 e eee bgogl 
122 , ' 


3319-39976 9.98774. 38202, 10.61798 10 0122610 64024127 
9. 38285 Io. 19:61743 19.01 229110; 10.62972 26 | 


9.383 13 10. 101887 r0.01232/10. 10. 52919025 


9. 
43 5 987430 38754 10.624601 025719. 2553ʃ17 
9 


[oi . 
10.01 294|f0:6188 


to. 0130 


— —— ä 


Slant, - 


to. 0133510 62867 14 | 
t10.0123$10,628t 5f23]. 
10.0124 t[10.62763]22| 
101244 10 19 627t1 21] 


5 I 


10. ta 10,6260; 191 
1.12841 2550 18 


10. 012509. 8228 1016 


10.0128 fro 2400 15 


10.012660. 6234814 
10.01 269 10.622973 
488727 to. 62245112 
7 o. 62 T9 fr 
— — 


9288705 


2 8 as „% "I 


10.01 297010. ö 18 ft : 


10.617813 
10. oi 30310. 5173 
10 2 0 6 


3 
eee E ; 


* * 


634 


to. A805 of. | 


— — in ——— 22 - 44 


[ 452 ] 


— 


—— 


„ EASE 


"A Table of Artificial Sines, 


14 Degrees. 


—Q 


— 


N 


ul 


Sine. 


009, 3836 


9, 98690 


- 


Tang. Secant. 


9.39677 10,01310 


1658153355 


19.384189, 98687 9,39731 10,1313 10, 61582 


| 3 385 199,98681 


9,39785 


9.39838 


10,6021 
10,601 62 


10,60323 
10,6026 
5 


10,013 16 
10, 1319 


10, 61531 
10,1481 


9.39892 10, 60 108 


9439946 10,6005 5 
9439999|10,60001 
9,4005 210, 59948 


9.385709, 98678 
9,4010610, 59894 
2.40159 1,5984 


520, 98675 

22685 

1, 98668 

8 ä 598665 

98962 
9,40212[10,59788 
6]9,40266110,59734 
9,4031910, 5968 
9,4037210, 59628 


10, 01322 10, 61430 
10,1325 10, 61380 
10, 01329 10, 61330 
10,1332 10, 61279 
10,1335 10, 61229 
10, 1338 10, 61179 
e 
10,01341 10, 61129 
10,01 345 10, 61079 
10, 1348 10, 61029 
10, 135110, 60979 


* 


396 


„3961 59, 98610 
— 640.5860 
397139, 98604 
39762 9, 98601 
939811 9,9597 
2 


"1 Sine. 


b|9,40425 


— — 


9.40478 
9540531 


10,59522 
10,59469 


10,59575 


10,01354 


10, 01357 
10, oi 361 


69,4054 


10, 5941610, 01364 
9,40636110,59364] 10,01 307 
9,49689[10,59311[10,01370 
9,40742110,59258110,01373 
9,40795}109,592001 10,01377 
9,49847110,59153}10,01380 
9,4 10,59100|10,01383 
9,40952 10,59048 10,01 386 
9,4100510, 58996 10,01 390 


7 


9,41057 
9,4110 


10,58943 
10, 58891 
10, 5883 
10,5878 


10, o 393 
10, 1396 
10, or 399 
10, oi 403 
10,1406 


10, 60929 
10, 50879 
10, 60830 
I 0,607 0 
10,0731 
10,6068 x 
10, 60632 
10, 605 82 
10, 0533 
10, 60483 
10,0434 
10, 66385 
I $5 36 
10,60287 
10,602 he 
10, 60 189 
10.60 140 


————ů— * 


"7 


T4589 ] 


— Tangents, and Secants. 


14 Degrees. | 
SR — | a — 
Sine. Tang. | Secant. TER 
I 30 9.39800 998594 9.47266 10.58734 10.01406 10.601400 
9 31 9.39909 9-98591 [9.41318 10.5 8682 10. 01409 fro. 6009 1029 


5 3219-39958 9.98 588 9.41370 10. 5863010. 01412 10. 6004 3]28 
7 33 40006 9.98 584% 41422 10.58578[10.01416110.59994|27 
6 3409-40055 9.9858119-41474| 10.585260. 01419 [10 59945/26 
3519-40104 9.98578 9.41526 10.584740. 01422 fl0. 59897 ab 
3 9.40152 9.98575 9.415780 10.58423 [0.01426 10. 59848024 
37 40201998571 9.41629 10.5837 1 [10.01429|10.59800[23 
3819-40249 9.98568 [9 416810 10.583 19 0.01432 [0 59751042 
22.4229 9:98505 2435 10.58267[10.01435 110. 59703/21 | 
4019-40346 9.9850 1 [9-41784|10.58216110.01439|10.59655|20 
4119-40394 9.98558 [9.41836|10 5816410. 01442 10. 5968619 
4209.404429 98555 .4188710 58113 10. 01445 19.39875 18 
404909 .9855 109.4193910. 58061 10.014495, 


4619-4003 


9.405 38 9.98548 
45[9-49586]9-98545 

98541 9.42093 
9 42144 
9-42195 


4719-4068 219-985 38 
4819-407 3019-985 35 


9-41990] 19.58010 
9.420421 10.57959 


[10.57907 
10.57856 
10.57805 


[G.O01452 


10.01455 


10.01459 
10.01462 


10,01465 


19,59414 
10.59366 


10.5931 8 
10.989270 


© 95101714 
N | 


4919-4977 89:9853119 42249] 19:57754[19,01469[10.59223]t1 
rol9-4082519-9852819.42397] 10 57703 [10.01472[10.59175|1o | 
5119-4087319-985251[9.42348| 105765210 01475 
5209.409210 9852119.42399] 10 57601 |10 01479 
539.4096809 98518 9.42450. 10-57550[10.01482 
5419-4101619-9851519-42501110-57499 [10.01485 
5519:4106319-9851 119.4255 21 19-57448[10.01489 
5619-4111 1j9,98508[9.42603| 10-57397 [10.01492 
5719-41158(9-98505 [9.42653] 10-37347110.01495 
58 9. 259.2255 9.42804 10.57 296 10. 01499 
599.412529.98498 9.42755 10. 57245 [0 01502 
609. 41 30009. 98494 [9-42805| 10.57195 [10.01 506 
*& Sine. Tang. 


L 


"= 


: 75 Degrees. 


1 
- - * 
— — — - 


7 


1 454 | 


% — 


6 


TA Table of Artificial Sines, 


8 


I; Degrees. 
5 Sine. Tang. | I Secant. | 
85 9.42805 [10.57195 [10.01 506{10.58700|65 
| 377 9.42855 flo. 57 144 flo. oi 509 10. 5865350 
29.4394 9.42906 10. 57094 o. or 512 10. 5006/58 
I 39.4441 9.42957 10.570430. 015 1610 58559 57 
49.4488 9.43007 0.5993 e 


Per 9.43057 lo. 56943 ff. 01523 10. 5840505 
88 9.984749 43108 flo. 56893 fo. o 5200. 5841954 
79.4628 998471 9.43158 10. 56842 10. 0152910 58372 53 
9.47675 [9-98467 9.43 208 0.567920. 01533 — 52 
| 417229 98464|9:43258110-56742]10.01536 [1.58271 


| 
99 & 

s 9.43398[10.50092[10.01540|10; 58232], 

116417075 94335810. 56642 0.01543 0. 58185 

| 12.4186 9.43408 10.559210 0154710 58139048 

A | 184 08 9.43458 10.505420 ogg. 580924 

| £4086 9 43508 [10.56492|10.01553[10.58046|,6 


: f 149-4 4 98 — — — — 
7554201 9 43558 15.5644 10.1557 10 579995 
| e 9.98440[9-43607 10.56393 to. 01 500 flo. 5795344 
1719.42093 9:98436|9-43657 10·56343 101554179574 
44 42140 9-9843319-43707 10 56293 10. 01 567 0 57861 [42 
q 199 42186 9 9842 9.43756 10. 56244 10.0157 10.5781 41 
| 209.4222 9.98426 9.43806 10.56194|10.01574 1057768 4 
2119.42278 9.984229.43855 10.56145 10. 01578 10.572239 
|2219.42324. 9-9941919-43995 10. 56095 10.1581. 57676 38 
145770 9.984169·43954 10. 5604610. 01 585 10.576307 
| | 2410-42416 9 98412[9-44904[10-55996[10.01588 36 
a 8 5009. 10.6 59047 [o. o 592 10.57 539 
| 42462 9.98409] 9-44053 [10-55947 59 5 35 
| 289.4280 9.9840519-44102 10.558980. 0159510. 57493034 
2 ol 10. 
42553 9-98402[9-44151 [19-55849119-01599] 57447133 
42599 9-9839819-44201 [10-55799 10.1602 0. 57401032 


42644 9.983959. 44250 1.557518. | | 
42690 9.9839119-44299 [1955701 [1222003 3 


” i Sine. Tang. 


ES eg 


- a W . 


Tangents, and Secants. _ 


15 Degrees. | 


n——_— 


ay 


tag. | 


9,4429910, 5571 
9,4434810, 55652 
9.44397 10, 55603 


944446 10455554 
94448 10,5555 
9,4454410, 55457 
10,5 5408 
10,55359 
690 1,5531 
. 
10.5 5213 
6110, 55164 
10,5116 
10.550067 


819109 
4029 10,5497! 


078 10, 54922 
10, 54874 
10, 54826 
4522311954775 
10,54729 
-319]10,54081 
367 |10,54933 
415 |10,54555| 

10,54537| 
35111 10,54439 
559| 10,5444? 
110, 54394 
65410, 54340 
10.54298 


10,54250] 19 


- * 


Tang. 1 


10, 01630 
10,1634 
10,01637 | 


25 Gboſre 3640 
10,01683 19 86 


E 
n 

on 
N 

II 

— 


* 


a 74 Degrers- 


8 


— 
O 
_- 
O 
— 
— 
— 
N 
9 
wu 
oo 
O 
0 
u o wo 


| 


JT 7 


* 


[ 456 ] 


A Table of Artificial Sines, 
16 Degrees. 85 5 


— 


— 


42 


[1019-44472 
412 944559 9 93240] 


1 


| 2519. 45120 9. 9.98192 


42 45249 9.98181 
12919-45292 9.981779. 
292-4234 9.28124 


Sine. 


1 14034 


44078 [9.98281 
2 9.44122 [9-98277 
441669 9827 
44210 9.98270 
29.450 44254 19-98266 
69-44297 [9-98202 
79. 44341 9.98259 
8 9. 44385 [9-38255 
92. 442899827109 
9.98248 
119.445 16 9.98244 


30. 1553 9.98237 
142.4454 2.823309. 
7159.44689 Ig 98229 
_ 44733 9.98226 

179 44776 9. ory 

99. 44819 9.98218 


20 9.44955 9.9821 119. 
| 1 9.982079. 


22944992 9.98204 


| 229. 45035 9.98 20009. 


24 9-45978 9.98196 


209.45 163 9.98189 
2719-45206 9.98185 


| Sine. 


Tang 


9.45750 


9.45797 
9.45845 
9.45893 
9.4949 


9.45988 
9.46035 
9.46082 
9.46130 
9.46177 
9.45224 
9.46271 
9.46319 
9.46366 
9.40413 


9. 9.45450 g 


9.40507 
9-46554 


9.46601 


| 


10.54250 
10.54203 


0.54155 
r0.54108 


10.5 4060 


10.54013 
10.53965 


10.53918 
10.5 3870 


10.53823 


10.53776 


10.53729 


10.5 3681 
10.53634 
10.653587 
10. 53540 
10.533 
10.5 3440 
10 53399 


10.5 3306 
00.53#59 


88 [10.53212 


10.53165 


[10.5 3119 


10.53072 
10.5 3025 
00.52979 
10.5 2932 
10.5 2886 


10. 52840 
Tang. 


— 


2 


Secant. 


10.01716 
10. 01720 
10.01723 
10.01727 
10. 017 30 


10.01734 
10.01738 


10.01741 


10.01745 
10.01749 
10.01752 
10.01756 
10 01760 
10 01763 
10.01767 


1001771 


10.01774 
10.01778 


10.01782 


10.0178 


10.001789 


0.01793 
10.01 797 
10. o 800 


10. 01804 


0.01808 
10.0181 
10.0181 5 
10.018719 
10.01823 
10.01826 


10 5596650 
16. 55922059 
19.55878058 
1055834057 


10 2956 
10.55747]55 
10. 553703 54 
10.556595; 
10. 55615 52 
10.55572 SI 
10 10 55528060 50 
10. 5548549 
10.55441148 


10.5 5398047 
19-55354146 


10.55311|4ch 


10.55207/44 
10.35224/43 
10.55181042 


10.551 10-55138,41 
190.5509540 


10.5805 239 


10.586965 
10. 54966 


10.54923136 


; 73 Degrees. 


r a 


12 


[ 457 1 


o 


Tangents, and Secants. | 


16 Degrees. 


Sine. 


— 


9.45334 
9545377 
945419 
9.45462 
9,45504 
9.45547 
9,45589 
9.45632 
9.45674 


248215 N57 


9.45758 
9.45801 
9.45843 


9.45885 


9.46053 
9.46095 


9,46303 
9545345 
9,40386 
9.46428 


9,98 170 9,47 207 
9,98 I 66 9,47 253 


9,981 5 519,47 392 
9,9815119,47438 
9,9814710,47 484 


981109,47943 
9,98 1069, 47989 
9.48035 


9,8087 
9,9807909, 48308 
9,980) 519,4835 3 


6] 10,5205 4 


76| 19,52424 


10,5284 
10,52793 


10,52747 
10,52701 


10,5 2608 
—_ 
10,52516 
10,5247 

10.52378 
10,52332 
10, 5 2286 
10. 5 2240 
10, 52194 


1.52148 


10, 2103 
10, 5 2057 


10, 5 1920 10, 01902 
10, 5 1874 10, 01906 


10, 51829 
10,5 1783 
10,1738 
10,1093 
10, 5 1647 
10, 5 1602 


1,51557 
10, 51511 


4 Secant. 


10,0182 


— 


10, 54606 


10, oi 83010, 54623 


10, 01834 
10,1838 
10,0184 
10, 01845 
10, 1849 
10,1853 
10, 01850 
10, 01800 
10,0 1864 
10,1868 


30 
20 
28 


10,4581 
10,5 4538 


— * 
10, 5445325 
10, 54411024 


10, 54368 
10, 54326 
19,54284 
10,54242 


10,54199] 19 


10,01872 
10,01875 
10,0187 

10,01883 
10,01887 
10,1891 
10,1894 
10, 01898 


10,1910 
10,1913 
10.0191) 
10,1921 
10,1925 
10,1929 
10,1933 
10, 01937 


10,01940[10, 


(10,54031 
10,53989] 14 


(10,5 3864 


10,54157 
10,54115 
1054073 


10,53947 
10,53905 


10, 53822 
10, 53780 
10.53738 
10,53097 
10,53055 
10,53014 
10,53572 


27 


23 
22 
21 


20 


18 


17 
16 


15 


10 


"WIN lo -le wo 


. 
2 


— 4 


[ 458 1 


Tale of Artificial Sines, 


17 Degrees. 


4 


6 


> 
10 
11 
x 


255 
10 
18 
12 25 2 85 
20 
0 
24 
26 
28 


N 2 1 ur 


81s 46923 


2c (9,47013 


291914777 
30 


2— 


Sine. P.. 
9-40594 9.98060 9.48534 
9.4 665.5805 9.48579 
9,4667609, 9805 2 9,48624 
9,467 17,8048 9,4869 


940759 9,98044'9,48714 
5 (9:46800(9,98040(9,487 59 


9, 46841 980369,48804 
9.4088 2 9,9803 3 9,48849 
9.98029 9,48894 

9,4696419498023 9.46935 ; 

9,47004/9,98021 9.48984 
9:47046/9,9801 7 9.49029 

9,47086,9,9801 3 9,4907 

0,471 27/9,98009 9,491 18 

9,47 168 68,9,98 8005 9,49163 


3,4720919,98001 9,49207 
9:47 24919-97997 9,9252 


17 [9-47 29019,9799319-49297 


9,47 3329»97999 9,49 —_ 


9,4737119-97986 9.49385 


3 29,97982 9,49430 
9,4742 9,97978 9.40475 
9,4749209, 97974 9,4919 
9,47533,97970 9, 49503 
7319-97966 9,49607 
9,97962 9,4905 2 
9.97958 9.49696 


9.47654 


27947694, 9795 4.49740 


9.4773 9.575567 6 

97946 49828 
ones 949794219. 9.49872 
"Sine. 


| 


22 


70,5 14 
10, 51421 
10, 51376 
10,5 1331 
10, 51286 
10,1241 
10, 5 1196 
10,5 1151 
1055 1106 
10, 51001 
10,51016 
10,50971 
10,56927 
10, 50882 
10, 50837 
10, 50793 
10, 50748 
10, 0704 
10, 50659 
10,9055 
10, 50570 


10, 505 26 


10, 50481 
19,50437 
10, 50393 
10, 50349 
10, 50304 
10, 50260 
10, 50216 
10, 50172 
10, 50128 


Tang. 


| 


Secant. 


10, 01940 
10,01 944 


10,01948 
10,0195 2 
10,01956 
10,01960 
10,01964 
10,01968 
10,0197 1 


10,01975 


10,01979 
10,01983 


10,01987 
10, 1991 


10,91995| 


10,01999 
10,02C03 


10, 02007 
10502011 
10,0201 5 


6 I BR$5. 2” * 
10,02018 
10,02022 
10,02026 
10,02030 


10,02034 


10,02038 
10,02042 
10,02040 
10,02050 
10,02054 
10,02058! 


ae 


10,52823 


1055 2751 


10,53407 
10,53365 


10,53324 ſg 
10,53283 5 
3224 


10, 5 3200 
W e 
10, 53118 
10,5307 
10,53037 
(0,5 2995 
10,52955 
10,2914 
10,52873 


10,5279 


1035 2710 
10, 5 2670 
10, 52629 
10,52589 
l0,52548 
10, 52508 
10,5 2467 
10, 5 2427 
10,5 2387 
10, 52340 
10, 52303 
10. 5 2266 
10, 52226 
2 

decant. 


— 


7 2 Degrees. 


8 


3 _ 


wo wow: r 


1459 1 


— 


a Tangents, and Secants. 


3019-47814 9:97942 9.49872 
3119-47854 9-97938 9.49916 
4219-47894 9:9793419-49960 
3319-47934 997930 [9.50004 
3419-47974 997929 [9.50048 
3519-48014 9.97922 [9.50092 
3648054 9.97918 9.50136 
3719-48094 9.97914. 501 80 
38[9-48133/9-97910[9.50224 
3919 48173997900 9:50267 
4019-48213/9-97902[9. 
-4825 319-97 898 
-48292(9-97894 
43 -48332!9-97 590 9.50442 
44(9-4837119-9788619. 
45 9-4841119.97582 9.50629 
4619-43450 9.978789. 50572 
4719-48490 9.978749. 506 
4819-485 29 9.978709. 50659 
99248858 9.9288 50703 
| c0/9 48608 9.97 8629. 507 56 
5119-4864719-97857[9-5078g 
$2 9-48686 9.97852 9.50833 
5319-48725 9-9784919-50876 
142482542. 2849 
559.48803 9.978419. 50962 
56948842 9.978379 51005 
[5 719-48881:9.97833[9-51049 
|58]9-489209.9782919.51092 
5919-48959 9-9782519-51135 
[50943998 9.97821 9.51178 

1.» | Sine. 


18 | 


* 


222.2 


17 Degrees. - 


10.50128 
10. 50084 
10. 50040 
10.49990 
10.49952 
10:49908 
10.49864 
10.49820 
10.49777 
10.497 33 
10.49089 
10 49045 
10 49602 
10 49558 
—42— 


PEAS 


I0.020 58 
10.02062 
10.02066 
10.02070 
10 02074 


10.02078 
10.02082 
10.02086 
10.02090 
10.02094 


10.02098 
10.02102 
10.02106 
10.C2110 
10.02114 


10. 49471 110.0211 8 


10.49428 


10.02122 


10. 4938410. 02 126 
10. 49341 0.02130 


—.4.2292 1.02135 


10 49254 10. oz 139 
10.492110 02143 


10 49167 
1 0.491 24 
10. 49081 


10. 49038 
10. 48995 
10.48952 
10:48908 
10.48865 
10.48822 


Tang. 


10 02147 
10.02151 


10.02155 


— 


| 


10.02163 
10.02167 


10 02175 
10.402179 


10.51 432 
10:51393 


10.02171 [10. 


10.51668 
10.5162 
9 


10.5158 
10.515 50 
10.515140 
10.5147 


10.51353 
10.51314 
10.51275 
10.5 123 


10.5 1041 
10.5 1002 


Secant 


72 Degrees. 


*» ff w-o-4 0 c- ©. ws 


* 


2 | 


17 
16 


15 
14 


13 
12 
11 
10 
9 
8 
7 
8 


[460 


- | > . N - 1 — — RR 
2 A Table of Artificial Sines, 
NO TO —* * * ä 
18 Degrees. 
— — ſ:: — | _ — 
Tang. I Secant, 


9.97827 9.51178 10. 48823 10.042179 10.5 1002 60 
9.978179 5122110. 48779 0.02 184 |10.50963| 59 
2 49076 9.97814 9 5126410. 48737 [0.02188 flo. 5092458 

491159 978089 5130610. 486400. 02 192 0. 5088557 
9.97804 9.51349 10.4865 110.0219610. 0847 56 
9-97800 9 5139210 48608 flo. ozzao0 fo. 50807 55 
9.97796 9.5 143510. 48565 [10.02204 10. 50769 54 
9.977929. 51478 10.485 2210. 02208 0. 50%3 1053 
9.97788 9.51520 10.484800 02212 10. 5069252 
9-97 784 951503 10.48437 10 02217 10.50653 Fl 


9-9777919-51606| 10.48394110,02221 [10.50615 
9-9777519-51648|10.48352/10.02225 [10.505 76 
9.9777119.51691110-48309 10 02229 [10.505 38 
9.97767 0.5 1734/10. 48267 [0.02233 flo. Soo 
22289 2.9775 [9:51770|19:48224110.02237 10.50461 
159. 4957719. 97759 9.51819 10.481810 02241 10. 50423 
169.4901 5).97784 [9-51861 10.4839 10.022400. 50385 
.977501[9-51903[10.46097[10.02250[10.50346| 43 
9.97746 [9-51940110.48054[10.02254110.50308 
9 9774219 5198810. 48012010. 02258 [0 50270 
9 97738 9.5 203110. 479% i. 0226210. 50232 
6.97734 9.52073 10.479270. 022670. 50194 
9.97729 9.521150 47885 f0. 02271010. 50156 
9.97725 [Y 521571047843 fo. 0227510. 5011 
9.97721 [9-52209[10 47801 [10.02279}10.50080 
1-97717 [9.52242[10.47756| 0.02283j10 50042 
9 97713 % 5228410 47716[10.02288[10.50004 
9.97708 [o. 5232010. 4767410. 0229210 49960 
5.97704 9.5 2368 10 47632 0.02296 10. 4992832 
0.97700 [9 5241010. 47590 fi. oz 30010 4989031 
1 889.92525 9:52452 19.47548[10-02304[10-4985 2 30 
Sine. Tang. | Secant. 
71 Degrees. | 


_— _— 


Nw Wy 
a WC 22822 2 


— 


Tangents, and Secants. 


18 Degrees. _ 


Tang. 


309. 50148 [9.97096 
3119.5018519-97091 
3219.50223 9.97687 
3319.50261 [9-97083 
34/9 $9298 [2:97079 
3519-5933619-97975 
3619-50374 [997070 
3719-50411 [997666 


9.52494 
9.52536 
9.52578 
9.5 2620 


9.5 266 


— 1ͤ k ͤ —— 


45 


4809. 50821 


9 50933997500 
9.51007 9.97397 [9-53409 


9.51080 [9:97 58919-53492 
9.51117 [9:97584 9.53533 


9.51191 [9-97576 [9.53615 
9.51228 19-9757! 9.53650 
9.51264 [997507 [9.53698 
"> 2 | 


9-52452 


9.51043 2:2759519-53459 


9.51154 [9-97 580 [9.53574 


| 


1 Secant. 


— — 


10.47548 
10.47506 
10.4744 
10. 47422 


9-52703|10.47297 
9:532745|10-47255 
3819.50449[9-97062 [9.527871 10.47213 
3919-59486 9:97657 [9-52829! 10.47172 
409 50523 9.97653 9.52870 10. 47130 


4109. 50561 9.97649 9.52912 10. 47088 
4219-50598 19+97045 9.52954 10.4704 
4319-50635 [9-97040 9.52996 10. 47005 
472523 9 P. 284958 
50 10 9 97632 0.53078 10. 46922 
45.9. 504 9.97628 [9.53120] 10. 46880 
4719-50784 6 976239 53161 10. 46839 
97619 0.5 3203 10. 46798 
4919-50859 3-9761519.53244] 10.46756 
50 9.50896 .97610 5328 10.460715 
53327 10.4667 3 
9 50970 9.97602 9.533680 10:46632 


10.46 591 
— 
10. 46508 
10.464667 
10. 46426 
10. 46385 
10.46344 
10.46303 


| 


10.47380 


10.02304 10.4985 2130 
10.02309/10.49815129 
10.02313[10.497771]28 


10,02317110.497 39127 
10.0232 1010.497026 


10.47339110.02326[10.49664|25 
10 49627124 
10. 495891231 


10. 02330 


10.023 34 


10,02338,10.49552 
10.02343/10.49514 


10.02347 
10.02351 
10.02355 


10,02360 


10.02364 
10.02368 
10.02373 
10.02377 
10.02381 
10. 02385 
10. 02390 


1002394 
10.02398 


10. 02403 


10. 2407 
10. 02411 
10.02416 


Tang. | 


10.02420 
10.02424 
10.002429 
10. 02433010 48736 
| Secant. 


10 49477 
10.49439 
10. 49402 
10.49365 
[10-49327 
10.4929C 
10.49253 
10. 49216 
1.49179 
1049104 
10.49104 
10.49067 
10.4903 

10.43994 
10.4895] 
10.4892cC 
10.48883 


10.4880c 
1048773 


71 Degrees. 


I 2 


q 


4 


2 


— 1 


20 
19 
181 
17 
161 
is] 
14 
. 
121 
11 
10 


2 


0 00 


Min. lo » » 


8 


S 


H h 


a > K 9 9 
* = - . 
r ” ww A = — I * 

hy -* T ” 1 


* : ** * CC ——̃ͤ — 


were 1* 


as. Table of Artificial = : 


19 Degrees. 


I 15 130 119,97 50 3 
15133819,97558 
2319+5137419-97554 
945141 11997550 


9.97479 
| 297475 
22 TE AIG 
2309.5 2099, 97466 
2412252135 997401 


»5 2278 9597444 
9.5231 4 9.97439 


x 9, $4065 
9.5410 
954147/10, 45853 
91541 
9,54228[10,45772 
9,97596 (9,54269110,45731| 10, 


8 9,54431 


| 


297435 29 


| Fang. 


719.5 3697 
9,537.38 


953779 


9.53820 


9.53801/1,46139 


10, 46303 


10, 46202 
ro, 46221 


— 


Secant. 


16,043; 10,41 
10,2437 10, 48699 
10,2442 10, 48663 


10, 46180 


9.53943 
9,5 3984 
9754025 | 


954309 
95435 
9.54391 


22 
9,54512 
9.54552 
9.54593 
9.54633 
9.54673 
9.54714 
9.54754 
9554794 
9,54835 
9,54875 


1248935 


9539020, 45098 10,2455 
10, 460571002459 


10,4601 
10,4597 


10,45894 
10,45813] 


10,02446 10, 48626 
10,2450 


10, 85 55 
10, 485 16 
10, 2404 10, 48480 
10,2468 10, 48443 
10,02472 10,48407 


10,2477 10,8371 
10,2481 10, 48334 
10,2486 10, 48298 
10,2490 1,8262 


10, 45091 
10,4505 


10,45610[10,02508, 


10,45569 
10, 48528 


10, 45488 


10,45448 


10,45407 
10, 45367 


10,49327 


10,45286 


10,02499 
10, oz 503 


10,2812 
10, 25 16 


10, 2921 
10, 2525 
10, 25 30 
10,025 34 


10,48081 
10,48045 
10,48009 
10,47973 


10,47937 
10,47901 


10,47865 
10,47829 


1232839 
10,02543 


10,48736 | 


10,48589 | 


10,02494, 10,482 26 26 


10, 45 24610, 02548 
10, 45 206} 10, 02552 
10,45166| 10,025 56 
10,45 125 10, 2561 


1 0,45085 10,02566 
"Fang. 


10,47793 
10,47755 
$0,47722 
10,47686 


1,4765130 


pln Secant. 


| 


70 Degrees. 


[4631 


Tangents, and Secanta 


30.523500 97435 
3119.52385 9.97430 
3219-52421 [9.97420 
3319-52456 [9.97421 


3619-52563 9.97408 


Tang. 


3519-5252819.97412|9-5 5115 


19 Degrees. 


| Secant. | | 13 


9.54975 10.4585 
9.54955|10.45045 


9.55035] 10.4496 


9:55075| 12:44925 
10.44885 


9-55155110.44845 


3719-52598 1[9-97403 


2 — 

4919-52795 9.97390 
4119-52740 9.97385 
4219-52774 19-97 381 


89. (9.97977 


45 9.52881 


97340 
529 53127 
5319-53161 
$49-53196 
3519-53231 
5619.5 3266 
$719-53301 
589.5 3336 
59953370 


97331 


9.97312 


Sine. 


43.528 11 9.97376 9.5543 


9.551951 10.44805 


9-97 399 [9-55235|10-44765 


9.55315 
9.55355|10.44645 
9.55395] 10.44605 
[2.44908 
9:55474 19-44526 


9.97367 9.555 14010. 44486 
4619-52916 [9.97363 9.55554 10.4444 
9735819 55593/10. 44407 
9735400. 5633/10. 44367 
2298.234422 
-97 34419-55712] 10.44288 


58752 10.44245 


97335 9.55791 10.44209 
55831 10.44169 
9.97326 [9-55879] 10.44130 
9:97 322 9.5 5910 10.44090 
97317 [955949 10-4405S1 


.55989]10.44012 


97308 [9.50028] 10.43972 
-97303[9-56067]10.43933 
<|L53405 .9729919-56107110.43893 


10.02570 


9.54995] 10.45005110.02574 
5110-02579] 
2 


10.02587 


10. 02592 


1002597 
10.0260 


10.02565|10.4 


10,02601 | 


10.0261. 


10. o26 1510. 4726019 
10.026 19ʃ10.47225ʃ1 
10.026240. 47 190 1/7 


10.026280. 4715416 


10.026330. 471195 
10.026370. 47084]14 


10.02642 
10. 02647 
10.026511 


10.47 295120 


— ww =. Aa le. 


10.02656 
10.02660 
10.02665 
10.02669 


10.02679 


10.02674 


10.02083 
10.02688 


3. 


10.02692[10.46664 
10.026970. 46630 


10.0270 10.4695 | 


10.46695 


Secant. 


Min. [o = » w + nl ow 


| 


[464 7 
9 A Table of Artificial Sines, 
| _ Degrees. s 


Tang. | | Secant. 


9,56107110,43893] 10,02701 | 10,46595 
9,56146110,43854|10,02706| 10,46560 
9,50185110,43818|10,02711 10,46526 
9,5622410, 43770 10, 2715 10, 46491 
$35449-97280 [9,50264110,43736] 10,02720|10,46456 
"$19+5357819,97270|9,56303/10,43697]10,02725 10, 46422 
619 530139,972719,56342 1,4365810, 02729 10, 46387 
7 »53647:9,97266| 9,56381110,43619] 10,02734[10,46353 
$19-53682 9,7262 9,5042010, 43580, 10,02738/ 10,46318 
919-537 169,97257 |9:5645919:43541] 19,02743 | 10,46284 
1019-53751 9,97252|9,50498[10,43502|10,02748 10,46249 
111953785 9,97248 [9,565 3710, 43463010, 2752 10, 46215 
9,5657610, 43424 10,2757 10, 46181 
[9,56615110,43385 10,02762 10, 46146 
92234 985854/10,43345/1%2706 10, 461124 
1509˙5 3922,97229 9,5609310, 433% 10,2771 '10,46078 | 45 
9,56732110,43268|10,02776|10,46044 


9,5677110, 43229 10, 278010, 4600943 
9,568 1010, 43190 10, 278510, 4897542 
9:50849110,43151110,02790110,45941 [41 
9,6887 [10,43 113 10,0 279410, 45907 40 


0 
21.541270, 97201 9,5692610, 43074. 10, 0279910, 45873 39 
3 


7 22 554161 97196 9.56965 10, 43035 10, 2804 10, 45839 
1 123 9,54195 9,97192 9,57004 10,42990 10,02808 10, 45805 37 
* 2419-5422919,97187 9.204210, 42958 10702813 10,4577) 36 
| 2519-5426319,97182| 9,5708110, 42919, 10,02818[10,45737|35 
2619-5429719,97178| 9,57120110,42880] 10,02822|10,45703 34 
2719-5433119,97173|9,57158[10,42842] 10, 282710, 4566933 57 
28 515 9,5719710, 42803 10, 283210, 4563532 58 


— 
1122888 * 


290954399, 97 164 9,5723510, 42765 10, 2837 10, 4560131 
3924432799282 9,57274110,42726 10,02841 10,4868 30 


dine- | Tang. Secant. 
EE 69 Degrees. 


4651 


Tangents, and Secants. 


20 Degrees. 


321 9,54500 


35 954001 9,97135 
35] 9,54035 [9+97130 
37|19,54668 [9,971 26 
38 9,54702 9,97 121 


40 9554709 9.97111 11 
419,54802 9,97 107 
4209,548369,97 102 
4319,54869 9,9709 
2.58493. 92822 
45954936 9.9707 
4619-54969 9,7083 
479.5 5003 9,97068 
489.5 5036 9, 97073 
49] 9.55069 92288 

50 9.55102 '9,97064 
5119,55136 9.97059 
5219,55169 9,97054 
539.55 202 9.97049 
74285237 922944 
35 9,55208 9,97039 
55[9,55301 9.97035 
$7 [99553 4 9,97030 
5819,55307 9997025 
59[9,55400 9.97020 
659.8843 (9-97015 
Sine. 


391 9+54735[2297110 16 


30 9,5443319»971591 9,57 2745 10, 42726010, 0284. 
31|9,54466[9-97154[9,57312 

19714919,5735 1] 10,42649110,0285 1 
33] 954534 [9»971451[9,57389] 10,4261 100, 2855 
34| 9:54567 [9-97 149 


957425 1,4287220 2800 10,454 


9,5 7466] 10. 42534 
9.57504 10, 4249610, 02870 
9,5754310, 42457 10,2874 
9,5758110, 42419010, 2879 
9,57019]10,42381[19,02884| 


9,5765 10742342 10,2889 
9,5769610, 4230410, 02893 
9,5773410, 42266010, 02898 
9,5777 20 t˖0, 42228110, 02903 
9,57810110,42190[19,92908 


9.57849 10,42151 10,0291 3 
9,57887] 10,42113|10,02917 
9,5792510, 4205/0, 2922 
9,5796310, 420370, 2927 
9,58001[10,41999/19,02932| 


9.58039 10,41961[10,02937 


9.58115 10,41885/10, 0294 
9.58153 to, 4184710, 2951 
9.58191 19,41809119,0295 
9,58229] 10,41771[10,02961 
9.58267 10,41734[10,02966 
9.58304 10,41696[10,02970 


9,58077] 10,41923 0,194 


9,58380] 10,41620[10,0298 


Tang. —— 


ny 23 
10,45298] 22 
1.48255 21 


10,451 31 
.10,45097] 16 


10,45064| 15 
10, 450314 
19,44997f 13 
19,44964] 12 
10,4493} 11 
10,44898 10 
10,4480 

10, 448310 
10,4798 
1244705 
10, 44732 
10, 44699 
10,4666 
9,58342 10, 41658 10,2975 10, 44633 
10, 44600 
9.58418] 10,41482[19,02985]| 10,44567 


Secant. | 


, 
 &v©q5 


—— 


69 Degrees. 


-— — * 


* 


H h 3 


| 2 8 N 3 1 I-0 — 


* 


[466] 


_ 11419-55891 


* 


r 


2 


A Table of 


Artificial Sines, N 


Degrees. 


1119-55793 [9-9 
55820 19.9695 7 9-53869 
39.558589 96952f9-53907 


4 -96947 p:53944 
15,9-55923 [9.969429 58981 
1619-55950 9-96937 9.590 
1719-55988 9.96932 0.59056 
189.5602 1 9.96927 · 59094 
192.5503 295922 N. 2131 
2009. 56086 9.969 17 59169 
36118 9.96912 9.59205 
229.56 150 9.96908 9.59243 
2319-56182 9.96903 0. 59280 
ha, 
2519-56247 9.96893 9.59354 
2619-56280 9.968 88 9.59395 
2719-56311 9.96883 9.59429 
56343 9-96878 9.59466 
2 9.86556 3.96833 33 

36408 9.96868 9.59540 

i e 


7 


Secant. 
10.41 752 [t. 02986 


6 10. 41545 flo. 02990 


10,41507[10.02995 
10.41469[10.02999 
10.41431110.03004 
10.4139 10.03009 
10.41350110.03014 
10.41319110.03019 
10.41281110.03024. 
10.41243110.03029 
10.41206110.03034 
10.41168[10.03038 
10. 4113110 03043 
10. 41093 10.3048 
10 410560. 03053 
10.410190. 03058 
10.40981 [10.03063 
10.40944|10.03068 
10 40907[10.03073 


1 85 295898 2.5237 
9 


| 


10.40869 
10.40832 
10.40795 
10.40757 
10.40720 
10 40683 
10. 40646 
10. 40609 
10.4072 
10.405 34 


1.49427 
10.40 


— — 


4600. o3 132 


Tang. 


10.03078 


10.03083 


10.03088 
10,03093 
10.03098 


10.03102 


10,03107 
10.03112 
10,03118 


10.4456 

10.44534 
10.44501 
10.44468 
19.4443 
10.44401 
T0.44370 
10.44 337 
10.4430; 
10.44272 
10 44239 
10.44207 
10.44174 
10.44142 
10.44 109 
10.44076 
10-44044 
10.44012 
10.43979 
10-43947 


10.43915 
10.43882 


— 


ö 


10.63 12310. 


10.03 127 


. 


8 5 68 Degrees. 


39 
10.43850, 38 
10.43818 27 


10.43785136 


—— 


9,5979910, 40202 to, 
9.5983 10, 40165 


$30 I 0,40054 
132993] 10z400r 
9,5001 . 


9,9678 3 
| 
9496773 


4 61 24 109,42988| 11 
10,397 24/10,03233 10,42956 Ty | 


10, 3961410, 3248 
12-39578 I0,0 : 


% 


, 


[48]. 


6 


"A Table of Artificial Sines, 


22 Degrees. 


Sine. 
9.573758 19-96 
119.3733919-9071 
9.57420 [9-907 
9.57451 96701 


3 
| 519-57514 
575457 
57576 
809.5 7607 : 
9.57638 


—— — — 


1119-57709, 
1219-57731 9-96655 
1319-57762 9.966 50 
1422223 2.28047 PN 
15.578249. 966400 


58039 9.966030. 
58070 9.965989: 


Tang. | | 


57482 (9.96696 2.50786 
8 60823 


700. 57669 9.96565 9.574 
1019-57 9.96660 % 


[0.03283 
10,03289 
10.03294. 
10.03299 
10.03304. 
10.03309 
10.03314 
10.03319 


10.03324 
10.0333O 


10.03335 
10.03340 


10,03345 
10.03350 
10.03355 
10.03301 
10.03366 


10.03371 
10.03370 
10.03381 
10.703386 


10.03392 


10.03397 
10.0340 


10.393 59 
10. 39323 
10.392806 
10. 39250 
10. 39214 
10.39178 
10.39141 
10.39105 
10. 39069 
10.3933 
10. 38996 
10. 38960 
10. 38924 
10. 38888 
10.38852 
10.388 16 
10. 38780 
10.38744 
10. 38708 
10.3872 

10. 38636 
10.3 8600 
10.385864 
10.38 528 
10.38492 
10. 38457 
10.3842 1 
10. 38385 
10.38349 
10.38313 


61040 
61076 
61112 
61148 


10.03412 
10.003418 
10.03423 
10.03428 


10.03433 


10.42302|51 


10.03407 | 


no 


10.03439 
Tang. 


10.42643|60 
10.42611]59 
10. 42580068 
10.425457 

10.425 18 56 
10.42487|55 
10.42455154 
10.42424 53 
10.42393 52 


10. 42115043 
10. 4208442 


[469] 


r 


47 4 $5799; 96472 


Tangents, and Secants. 


22 Degrees. 


= 
I 


3119-58314 9-965 56 


3319-58375 9.96546 
34]2:58490 9:905 


3519-58436.9-96535 
3619-5846719.965 30 
3719-5849719-965 25 
38]9-58527[9.96520 
3919-5855 719-96514 


400.5858809 1 5 
419.5861 89.96 504 
9 


4219-58048 
439.5867809. 96493 
44 258709: 96488 
2 96463 
90477 


9. 96467 
9.96461 


5119-58919]9.96451 
5209. 5224919 96445 


559.5903909. 96429 


5719-59098[9.96419 
5819.5912819 96413 
5919-5915819.96408 
2:5918819.96403 [9.62785 
: Sine. . 


Tang. 
3009. 0.58284 9.965 96561 9 61722 


3219-58345 9.9655 1.61794 
96541 [9.61865 


96498 9 62150 


9.62574 


9. 9.62609 
5619-590691(9.96424 [9.62645 
9. —5 
9.02715 
9.62750 


16.8275 
10.38242 
10. 38206 
10.38171 
10. 1.38135 
10. 10.380990 
10. 38064 
10. 38028 
10. 37992 


61758 
61830 


| .61901 
9.61936 
9.61972 
9.62008 
9.02043 
620 

— 


10.37921 
10.37886 


10.37850 


9.621853110.378:5 


19. 9.62221110-37779] 


9. 62256| 15.3774 
9.62292[10-37709 
9.62327 
9.62362 
9 62398 
9009. 5388919 9-9645619.62433 
9.62468 
9.62504 
5319-5897919-904401[9-62539 
| 5419: 5900919-96435 


10.37673 
10.37638 
10.37602 


10.37 567 
10.37532 
10.37496 
10.37461 
10.37426 
10.37391 
10.37356 
10.37320 
10.37285 
10.372 50 
10.372175 


9.62785 


| Secant. IE | 
10.41716130 


[0,41687]29 
10.41655[28 
10.41625ʃ27 
10 41594/5 
10.41564/25 
10.41534[24, 
10.41503[23 
10. 4147322 
10.41443[21 
10.414120 
10.413820 9 


10.372957 


10.3439 
10. 03444 


10. 03449 
10.03454 
10-03459 
10.0340; 


10.03470 


10.03475 
10.03 481 


10.3486 


10.03491 
10. 03496 


10. oʒ 02 
1003507 
10.03512 


10.03 517 
10.03 523 


10.03 528 


10.035 33 
10.03539 


10.03 544 
10.03549 
10 03555 
10.035 


0.03566 


10.03571 
10.03576 


10.03581 
10.03587 
10 03592 


| Tang. 


10.93597 
1 
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10.41322 
10.41292 
10.41261)75 


10.4091 


| Secant. 


10.,41352 


10.41231 
10.41201 
10.41171 


10.41 1411 


10.41111 


10.410810 


10. 41051 
10. 41021 


10. 40961 
10. 40931 


10.40902| 


10. 40872 
10. 40842 
10.408 12 
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5.52785 


9.62820 


9.62855 
962891 


| 9.02926 


10.37215 


10.37180 


10.37145 


10.37110 


10.37075 
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10.03597 
10.030603 
10. 03608 
10. 03614 
10.036 19 


—— — 
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10.408 12 
10. 40782 
10.4075 3 
10.40723 
10.40693 
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6o 
59 
58 
57 
56 


10. 4066455 
10 4063454 
10. 4060453 
10. 3693410 03640 flo. 4057505 
10. 3690010. 03640 1.40545 U 
10.368655 10. 03651 10.405 16050 
10. 368 3010. 03657 10. 4048649 
10. 36795 10 03662 ff0. 40457 48 
10. 36760 10.3668 10. 40427047 
10.360725 10. 03673 10. 40398 46 
10.36690[10.03678 [10.40369| 4; 


10.03624 
10.03030 
10.03035 


9.62961 
9.62996 
- [9.603031 
9:63066 
9.03 ion, 
9.63135 
9.63170 
9.63 205 
9.63240 
9.6327 
9-633 10 


10.37039 
10. 37004 


10. 36969 


9.90343 
9.96338 
9.96333 


1219-59543 
1139 59573 
1449.890029. 96327 
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1169.596619.96316 
117%. 5969009 96311 


. $819.5972019-96305 


_ [2o[9-597789-96295 
\ ]2Hg:59808(9.90289 
12837/96284 
1 98669.96278 
_1£495939519-90273 


9.63345 
9.63380 
9.03414: 
9.03449 
9.03484 
9.63519 
963553 
9.63588 
9.63623 
9.63657 
9.63692 
9.63727 
9.63761 


10.3665 5 
10. 36621 


10.30551 
10.365 16 


10. 36482 


10. 36447 
1036412 
10 36377 
10. 36343 
10. 36308 


10. 36239 


9610. 36204 


10. 361 70 


Tang. 


10. 36586 


10. 36274 


10. 03684 
10.030689 
10.0369 5 
10. o3700 


10.0370 
10.0371 
1003716 
10.03722 


10.03727 
10.03733 
10.03738 
10.03744 
10.03749 
10.03755 


10.403 39044 


10. 4031 

10. 40280 
10 40251 
10.40222 
10. 40193 
10. 40163 
10.401 34 
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019.6064719.961 2 
H 9.60675 ins 
5209.50 409 96118 
5309. 607 3200 96112 
5419-607611[9.96107 
5519-6078919.96101 
5619.6081 8[9.96096 
5700. 608 469. 95090 
589.508 7 50 96084 
79.509039. 96079 
28 


619 64106 
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Tang. 


9.63830 
9.63865 
9.63899 
963934 
9.03908 
9.04003 
9.04037 
9.64072 
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9.6417; 
17 
9.64243 
9.64278 
9.64312 
9.6434 
9.64381 
9 04415 
9.64440 
9 64483 
9.64517 
9.04552 
9.64586 
9.64620 
9.64654 
9.04088 
9 64722 
9-64756 


9.64790 
9.6482 


9.6485 8 
80 


10.3603 2 


10.3 5860 


10.3555 


3 5 | — 


10.36170 
10.36135 
10.3610 
10. 36056 
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10.35997 
10.35963 
1035928 
10.35894 


10.358253 
10 35791 
10 35797 
10 35722 
10.356088 
10.3554 
10. 35619 
10.35585 


10.35517 


10. 03760 


10. 03766 


10.0377 


10.003777 
10.032782 


10.03788 


10.03793 


19. 03799 
10. oʒ 8o4 


10.038 10 
10.0381 
10.03821 
0.03826 
1003832 
10. 03838 
10.03843 
10. oz 849 
10. o3 854 
10. o3 860 


10.03 865 


10.03871 
10.03877 
10 03882 
10.03888 
10.03893 
10.03899 
10. 03905 
10. 03910 
10.03 916 


10.35483 
10.35448 
10.35414 
10.353 80 
10. 35346 
10.3531 2 
1035278 
10.35244 
10.3 5210 
10. 35176 ft0 03921 
10.35 142 [0.03927 


10.3955 
— 
0.39497 
1.39458 
1039439 
10.3941 
10. 39382 


10.393583 


10.392111 
10. 39182 
1.39153 
10.3912 

10.3909 
10. 39069 
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A Table of Artificial Sines, 


Sine, Tang. 


— — — — 


6093190073 
9.60950 9.96067 9.64892 


9.60988 9.96062 9.64926 
9.610169. 960569 64960 


3 


519. 61073 9.96045 [9.65028 
6 Ne tory Sor 9.65062 
719.61129/9.96034[9.65096 
819.61158/9.9602819.65130 
_919.61186(9.9602219.65164 


110 9.612149. 90017 9.65 197 
1109.61 242 9.900 


1119.65 231 
1209.612709. 96005 [9.65 265 
1319 61 298/9.96000 9.65299 
1409 61326/9.95994 [9 05333 


— 
— — — — — — 


be 9.6r35519-9598819.05360 
-[1519.61383[3-95983 [9.65490 


179 6141119-95977 [9-65434 


1809 .61439]9-95971 [9-63497 


1909.614570 95965 [9-65501 
2019.6149419 95960 9.65535 
2119.6152219-95954 |9-65598 
22.615509. 95948 |9 65602 
1*319.6157819-95943 5630 
2419.6160619-95937 [905009 
251g 6163419-95931 [9-65703 
]2519.6166219.95925 [9.55736 
2719.61689]3-95920 [9.65770 
2810.61717]9-95914 [9.65803 
2919.61745]9-95908 19 65837 
6177319 959021905870 
Sine, | 


9.04858 


4.61045 9.96051 9.04994 


24 Degrees. 


| 


| 


Tang. 


10.351421[10.03927 

10.35108]10.03933 
10.35074[10.03938 
10.35040[10.03944 
10.35006110.03950 
10.34972110.03955 
10.34938[10.03961 
10.34904[10.039067 
10.34870[10 03972 
10. 3483610. 03978 
10.34803|10.03983 
10,34769 
10.34735 10 03995 
10. 34701 
ET 
10.34034 
10. 34600 
10.3456 


10.3433 
10.344909 


10.3445 
10.3432 
10. 34398 
10.34304 
10,34331 


10.34297 
10,34204 
118˙34239 
10.34197 
10. 34163 


10.3413 


Secant. 


1 


1 0.03989 


| 10.04001 
10.04006 


— — 


10 04012 
10.04018 
10.04023 
10.04029 
10.04035 
10.04040 
10.04046 
10.04052 
10 04058 
1 0.04063 
10.04069 
10.04075 
10,04081 
10.04286 


10,04092 
10.04098 


4 


10. 39012 
10. 38984 
1.38955 
10. 38927 
10 38899 
10.3887 
10. 38842 
10. 38814 
10.38786 
(0.38758 
10.38730 
10.38702 
10.38674 
10. 38646 
10. 38618 
[0.38590 
10.38562 
10 38534 
10.38506 
10.33478 
10.38450 
10.38422 
10.383094 
o. 38366 
10.38338 
10.38311 
10.38283 
10.38255 
10.38227 


Secant. 


| | 178. 65 Degrees. 


131 


Tangents, and Secants. 


24 Degrees. 


Sine. ; | ; | Tang. 

0 | ef 
9,61773 9,9590209, 65870 
9,51 800 9,9589709, 65904 
961828 9,9589109, 65937 

9,9588 59,6597 


9,6 1856 
9,61883 9,9887900 


9,6191 
9,1939 9, 9586809, 6601 
9,1955 19,95 862.9, 66 104 
9,619949,958 569,66 138 
9.52021 9:9 8880 9.56171 
9,52049 9,958 450,/50204 
9,6207609, 958399, 66238 
9.62104 [9,95833]9,00271 
9,62131 [9,9582719,00304 
9,62159[9,9582119.0 
9,02186j9,95815 
9,6221419,95 810[9,06404 
9.62241 19,95 804[9,60437 
9,62268 [9,95798[9,00470 
9,62296 95792 9.60 504 
9.62323,957869,65537 
9.623509, 957 809,587 

4957 7519-66603 

»9576919,60636 
9-0243219,95 7631906009 
9.0245 919-9575 719-00702 
9,.62486[9,9575 11900735 

1957451966768 
9,957 3919-66801 
9:9573419-00834 
9,9572819,66867 


9,9587309. 66038 


10,33497 


10433403 
10,33430 
10,33397 
10,33304 
10,3333! 
10,33298 
10, 33265 


U a | 0 
' 
' 


«© -& 
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10, 4098010, 38227301 


10, 4127 


10,041 32 
10,04138 


I0,38172 
10,381 44. 
10,38117 
10,38089 
10,38061 
10,38034 


291 
281 
27 
26 
25 
24 
23 


10, 04249 


10,3323 2 
10,33199 
10,33106 


10,3133 


Tang. 


10, 414410, 38006ʃz2 


21] 


10,041 56 10,37951 20 
10,04161[10,37924|19 
10, 4167110, 37896018 


10,04 179 


110237841 16 
10,04185 


10,37814 15 | 


10,04214 
10,04220 
10,04225 
10,04231 
10,04237 
10,04243 


10,04255 
10,04261 
10,04267 
10,04272 


lo a nweawul 


65 
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fable of Artificial Sines, 


—ê 


1 


Degrees. 


=| 5 
8 Sine. 


5 962595199572 


9,6267 


19,2622, 957 2209, 69 
„62649, 957 16, 56933 
95710 9, 66966 


66867 


12(9-62918[9,95057[9,67262 
14319-62945[9-9565 11967295 
9,6297219-9504519-07 327 


Ic 9.6299 


| 9,9563919-07360 
16[9-63025[9-95633[9-07393 
17.6305 219-9562719,07426 
1819-63079[9-9562119,07458 
19/9+6310619-9561 519-07491 
20 9,63 1339,95 60909, 7 524 
21 9,63 1599, 956039, 675 56 
22 0,63 186,95597½67589 
23 9.632 139.95 591,7 522 
24 (9632391995 58519-07654 


25 9,63266 9795579 9,07087 
209,63 2929.95 57319-07719 
27 9,633 19,557,772 
2896334595561 
129 [953372199555 519-67817 

9.9,67850 


g 67785 


30 [9-0339819-9554 
EY Sine. 


1 
: 
: 
1 
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| 
30,33100 


— —— — — 


; 
10,33133 


o, 33067 
10,3393 


wy ®*> 
. 
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10,33001 


10, 32908 
10, 3293 

10, 32902 
10, 32869 
10, 32837 
10, 32804 
10, 32771 
10, 32738 
10, 32705 
10,32073 
10,Ü 3264 


10,32509 
10,32476 
10,32444; 
10,32411 
19,32378 
10,32346 
10, 32313 
10, 32281 
10, 32248 
10, 32215 
10, 32183 
10, 32150 


} 


Tang. 


10,4272 
10, 04278 
I Q,042 84 
10, 04290 
I 0,04290 
10,04302 
10,04308 
10,04314 
10,04320 
10,04326 
10,04332 
10,04338 
10,04343 
10,04349 
19,9435 
10,04 301 


10, 32607 10, 04367 10 
10, 3257410, 4373 19, 
10, 325420 10, 4379 
10,04385] 
10,4391 


10,4397 
10, 4403 


10,4421 
10,4427 
10, 04433 
10, 04439 
10,4445 


10, 04409 
19,04415| 


10,373510)58 


10373247 
10,37297 56 
10,7275 
10,37243 54 
10,37216|53 
10,37189 52 
1,3216251 
10,7135 60 
10, 37 108 49 
10, 37081 
10,37055 147 
10,37028 146 
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64 Degrees. 
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S| Sine. Tang. 


309,63398 9,9554909) 7850 10,3279 
319,63425 [9:95543[9-67882|10,32118 10,4457 
32|9-03451 [9:95537[9,67915 | 10,3208; 10, 4453 
33 9-03478[9-95531[9,67947| 10,32053 10,04469 
34[92:03594[9-9552519-67980| 10,3202 1] 10,0447; 
3519-03531[9,95519[9,68012 10,31988 81 
3619,0350719-95513[9,68044| 10,3 195 
3719-03583 o, 95 50 9.68077 10, 31923 10,0449 
38|9,03610[9,95501 9.68 109 10, 31891 
39 236536 9+95494[9-68142|10,31858 
40|9-03662[9,95488 9,68174 10.3182 10,04ct2 
41[9-03689|9,95482[9,68206| 10,3179 10,4518 10, 362 
4219-03715 9,9547619,68239 10,31761 10,04524 262819 
olg, 6827 10, 3 1729 


10,31697 
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EIS 10,04;585110,3602 

5 7110, 045911 8 
10, 31375 19,04597 ip 6 
10,31342[10,04603|10,zcoml © 
10,313 10f 10, 4609 10,3592 
10,31278| 10, 4616 10, 35894 
10, 31246 10, 4622 10, 35868 : 


10, 312144 10,046 
10,31182 4534 10.887 
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9 A Table of Artificial Sines, 
b — —.— 

U ö 5 26 Degrees. 

F n= 

4 = Sin . | Tang. | ' Secant, 
* : | - | 

. we —_——= — —— — 
A 459.6418 9,95 30609, 688 18 [0,3118210 Den 
k | "= 9,6421019,95 360 9,08850 10, 31150 10,4640 | 
: a 2 9,642369,9535 4,6888210, 31118 10, 04646 
wh z 64262ſ,95 3489, 6891410, 310860 10, 4653 
* 12548222824. 255524 [10,3 1054] 10,04659 
2 | 7 9.643 149,95 33 5%, 68978 10, 31022 10, 4665 
. 609,643 399,953 299, 69010 flo, 3oggoſ 10,04671 


| 5 (9-0430519-9532319,69042[10,30958| 10, 4677 
$19-04391[9-95 31719,69074 [10,30926| 10,04683 
9 9,0441 719-95310 9,69106 10,30894| 10,04690 10, 
9,0444219»95 304.69 138 [10, 30802 10, 04695 
11 9,0446819,95 298 9,09170[10,30830| 10,04702 
' 112(9-0449419-95292[9,69202 10,30798| 10,04708 
13 ,0451919-9528619,69234 [10,0766] 10,047 15 
| 14|9$454519-95279[9,69266 [10,30734| 10,4721 10,3 
9,6457119.95273/9,09298|10,30703| 10,04727 
9,95 26719-09329 [10,30671| 10,04733 
9,95 261[9,09361 [10,30639] 10,04739 
6464719-95254{9,69393 [10,30607| 10,04746 
194230928248 952425 [10,305 75| 10,04752 [10,3 
20 9,6469919,95 24219-09457 10,30543|10,04758 
9,9523609,69488 10, 305 120 10, 4704 
Kg 9:95229,9-99520 10, 30480 10, 4771 
23 9,6477 5,95 223,695 92 10, 30448 10,4777 
9,6480009, 952 pager 10,30446| 10,04783 | 
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24 [2 
25 9,648269,952 11,696 1510, 30385 10,4789 
26,5485 10,5204 9,5964710, 303 53 10, 479010, 351494 
27 9,648779,95 1989, 6967910, 3o32 1 10, 4802 10, 35123 33 
128 9. 6490209, 95 19209 6971010, zoz9oſ 10,04808 0, 35098 |;2 
29 9,64927,95 185 9.69742 10, 3025810, 4815 10, 35073 zi 
13094283 98172.9.59794/10,30 2260 10,04821[10,35047 
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Tangents, and Secants. 


26 Degrees. 


Tang. | 


| Secant. 


% 
— 


— — 


10, 35022 
10, 34997 


1349492 
10,34921025 


9.6495 3[9-95179|9-09774 
9.64978 9,95173/9,69805 
9,65003 9,95 1679.69837 
60] 9,69869 
9,69900 


9.69932 


10,30226[10,04821 
10,30195[10,04827 
10,30163[10,0483 4 
10,30132|10,04840 
10,30100[10,04846 


— — { — — 


10, 30068[t0,04852! 


9,65130[9,95135 
9,0515519,95129 
9,0518019,95122 
9,65 205 0.95 116 
9,0523019,95110 
9,65 25619,95 103 
[9,6;281]9,95097 
44|9:5530619,95091 
9,6533 19, 95084 
9,653 56 9, 95078 
9.6538 1%, 95071 
9,65 406 9, 95065 


9,654.56 [9,9505 2 
9,05481 [9,95046 
9,03506 [9,95039 

19,65531[9,95033 
4] 9,555 56 [9.95027 
51905581 [9,95020 
9,05605 [9,95014 
9,0563019,95007 
9,6565 5 [9,95000 
9565680 9, 94999 


9.69963 
9,69995 
9,70020 


9,70058 
9,7008 
9,70121 
970152 
9.70184 
9282175 
9570247 


9,703 10 
9770341 


9.05431 — 558855 


9570404 
9570435 
9,7040600 


10, 30037 to, 4859 
10, 300050, 4865 
10, 29974010, 4871 


10, 9942010, 04878 
N 10,2991 1010, 4884 


10, 29879010, 4890 
10, 29848110, 4897 


10, 29816 


| 10,29785 


4 70278) 10,29753 


10,29722 
10, 29691 
10, 29659 


10, 29628 


10, 29896 
10, 29565 
10,29534 


9.704998] 10,29502 


9.70592 
9,70023 
9,70054 
9,70685 
9,707 17 


9.05704 [9.94988 


* 
Sine. 
* - 4% wc 2 . +4.» 


2725-9] 19239071 
9.70500 10,29440 


10,29408 
10,29377 
10,29346 


10,29315 
10,29283 


Tang. 


10, 4903 


10,04910] 


10,04916 


10,04929 
10,04935$ 
19904941 
10,04948 
10,04954 
10,04961 
10,04967 


10,04980 
10,0498 


10,0499 
10,0500 


10, 3489624 


10, 34845022 
10, 348200 21 | 


08 


10, 34669 75 
10, 34644 1 
10, 3461913 


—_ 
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£478] 


A Table of Artificial Sines, 


þz019-56197]994858 
[2119-6622119.9485 2 
12219-624019.945345 
12319-6627919-94839 
$12412-2929512-94832 
259.663 19%9.94826 


+ 


:6570519.94988 
149:0573019-94982 
© 2019-057 5419-94975 
319-6577919-94969 
419:55 8049-94902 
$ 9.05828 9.94956 

9.94949 
8 9.94943 
9.94930 
912.8222 2.24229 
1019-0595 219494924 


.1119-0597019.94917 
9.94911 


2609.663439 94819 
279: 0308). 94813 


128 9.66392 9.94806 [g. 


29 664109. 94800 


Tang. 


[9-71122 


9-71153 


— 


$7707 
97074 

970779 
970510 
9.7084 
9 70873 
9.70904 
9-70935 
9.70900 
9-72997 
9.71028 
971059 
9.71090 


9.71184 
9-71215 
9.71246 
9.71277 
9g 71308 
9-71339 
9.71370 
971401 
9.71431 
9.71462 
9-71493 


27 Degrees. 


| 


80110.28414 


10.28848 10.05103 


[3012:2244!Þþ 94793 1971948 


10.29283 
10.29252 
10.29221 


10.29190 


10.29159] 


10 29127 
10. 29096 


2 - 
| 


10.05012 
10.05018 
10.05025 
10.05031 
10.05038 
10.05044 
I0.05051 


10. 29005 
10.29034 


10. 28972 


10. 28941 10. 05083 


10.05057 
10,05004 


10.29003\10.05070 


10.05077 


10. 289100 O50 90 
10.288790. 05096 


10.288 16 
10.287853 
10. 28754 
0.28723 
10. 28092 
10. 28001 
10. 28630 
10 28600 
10.28569 
10 28538 
10.28507 
10.23470 
19.28445 


10.28383 


1 


10.05109 
10.05 110 
10.05 122 
10.05 129 


10.05 142 
10.05 148 
10.05155 
10. 05161 
10. o5 168 


(0.05174 
10,05181 


10.05187 


10 05194 
10.05201 


ang. 


737295 
10.3427 
10. 34240 


10.341 


10.34172 
10.34147 
10.34122 
10. 34098 
12.349273 


10. 34024 
10.33999 
10.33975 


1310-33925 


10.05135 


10.33950 


10.33901 
10.338760 
10.33852 


10. 33803 
1033779 
1033757 
10. 33730 
1.3325 
10. 33681 
10.33657 
10. 33632 
10. 33608 
10.33584 


122757 


10.05207 


| Secant, 


10.33927 


10.34221057 


10.340480 50 


| 
| 


56 
55 
54 
$3 
52 
gt 


49 
48 
47 


[479] 
angents, and Secants- 
| 27 Degrees. 5 


Tang. 


a 1 1 
9.56441 [9:94793| 9.71648 10,3355 al 
66405 9.947869, 1679 10, 3353529 
9,6489 9,947 809, 71709 
9,665 13 9,9477309, 71740 
9242520921721 
9,7180 
9.71833 
9,7186310, 28137 10,05253 
9,71894] 10,28106]10,052 
2H 270925120, 200760000207 

194727197 1950 10, 280450, 5 273 
9.6670 9.947209, 71986 10, 5280 
9.6673 


10, 2795 2110, 5 293 
1,2792219. 953 9910. 
10, 27891 10,05 306 
10,27860{10,05 31 3 
66851 19,94680[9,72170] 10,27830[10,05320 
9,06875 9,94674|9,72201 10, 2779910, 0532 
29.822946... 
0.9, 66923 9, 946609, 72262 10, 27738 
1.66946 9,9405 49.7 2293 10, 2570 
9.06970 9,94647.9, 7232310, 27677 
309.6699 4 9,9464 9.72354 10, 27646 
22018 9,4634 9,7238410, 27616 98: 
3519-67942 9,9402719,72415|10,27585|10,05373|10,32953] f 
5619-07006 9,9462009 72445] 10, 2755 510,05 380 
7.7090 9,946 14.9.7 2476 10, 275 24.0, 5386 
8.9/7 113 9,9460 9,7250 10, 2749410, 05393 
9.07137 9.945009, 7253710, 745310, 5400 
9.57161 9,9494 9,72507[10,27433[10,05407} 10, 
Sine. Tang. 


62 Deprees. 
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[ 480 ] 


A Table of Artificial nes, 


28 Degrees. 


4 
ö 


N Tang 


0.07161 9.94594 9.72557 
67185 9. 94587/9,72598 
1957205 9.94580 9,7228 
5 6723219945 73/9, 72659 
6725 9:672599:94567 9:72 9,7 2689 
5 3.67280 9,94500 9,72720 
619-07 $03 9,9453 9472750 
| 719-0732719-94540 9.72781 
8 1 — 4 try I 


109.7398 — 2 
6742,94, 290 
674 $19-9451 819-7 2932 
13 9.07408 9,9450619,72963 
14 9.0749 219-94499,9-72993 
19449219 
1619-97539 w— 73054 


10,27311 


| Secant. 

10,05 407 
10,05413 
10,05420 
10,05427 


— — — 


10,27433 
10, 27402 
10, 27372 
10, 27341 


10, 27280 
10, 27250 
10, 27220 
10, 27189 
10, 27159 
10, 27128 
10, 27098 
10, 27068 
10, 27037 
10, 27007 
10, 26977 
10, 26947 
10, 26916 
10, 26886 
4 [10,268 56 
973175 1,582 
10,26795 
10,26765 
10, 26735 


10,05501 


10,05521 


10, 26674 
10, 26644 


10, 26584 
10, 26554 
10,204 


Tang. 


10,05433| 
10, 5 440 
10, 05447 
10,5454 
10, o5 460 
10,0467 


10, 5474 
10,5481 
10,5487 fl0, 32555 
10, 549410, 325320 


10, oʒ 508 
10, 05515 


10,05 5 28 
2 i 
10, 05 542 
10, o5 549 


10,0555 
10, 5 562 
6]10,26705]10,05569 


10,05576 
10,05583 
10,20614|10,05590 
10,05 596 
10,05603 
10,05610, 


[£9-32839|Go 
10,32815 |c 
10,32792 5 
10, 32768 
19132744]56 
10, 3272105 
10, 32697 
10, 32073 
10, 32650 
10,2626 
10,3 2602 5 
10,32579149 


10,32508 146 
10,32485 
10, 32461 
10, 32438 
10,3244 
10,32391 
10, 32367 [40 
10,32344 
10,32320 
10,32297 
10,32274 z6 
10,32250 
10,32227 
10,32204 [33 
10,32180 
10;32157 


1481 


3 muß 3 * "2 ins — — 
- Tangents, and Secants. FO 

; = avg ak e | 

28 - Degrees. 2 | 


— : 


Tang. | "> | Secane, | 1 


Sine. 


9.57868 9,545909.73475 1,6524 7859578 75327 34 35 
3109,57 890 9,943 830, 73 50% 10, 26493 * 05 29 | 
[32|9-67913 [9:94370[9-73537 10,05624|10,32087] 21 
619-9436919.73567 10, 264330 10,0563 1010, 32064 7 
59 [9-9436219,73597 25403 10,05638/10,32041]2 
5738675827 | 1926373] 10,05645/10,32018[ 23 
954309 377685 10,26343] 10,0565 1,3199 
9,9434200. 
9,9433509.7 371710, 2628310, 566 ff 10, 31948 
224322273247 10.526253 10,05672! 10,31925 


2 
2 
2 
2 
9432119.73777 77 10,26223] 10,05679110,31902| 2 
I 
l 
1 
I 
ſ 
I 
I 
| 


3687 | 10,26313]10,0565810,31971] 


| 10, 26193. 16,05686j10,3187g| 
19,9430719,73337 10,26163]10,05693ir0,318 
9,9430019,73867 | 10, 26133 10,5700, 31833 
9.68191 [9,94293[9-73897 | 12+26103/10, 10,05707110,31910 
5 9.94580 773925 10.8573 10,0570, 31787 
9.68237 [9,9428c[9,73957 | 1926043] 10,05721110,31763] 


974017 10, 25983 0,5734 10, 31718 
2958385 19,942 5919-74947 | 122259531 19,05741[10,3 1695] 11 
94252197407 7| 19425923] 10,0574$10,31672] 1 
,94 24519-74107 | 19-25893] 10,05755/10,31649] 9 
19-9423819,741 37 10,25864] 10,05762[10,3 1626 8 
9.74166] 19,25834| 10,05769/10, 31603] *7 
. 4942241374196 | 19-255041 10,05770/10,3 

9.68443 [9-94217[9,74226| 1025774] 10,05783/10, 
59,8455 9,942 109, 74256 19,25 744] 10,05790[10,3153 
9.68489 9,7428610, 2571410, 57970, 31511 

9,6851209, 9419 50,743 1610, 5584/10, 5804.10, 31489 
968534 9.94199 974345 19425055] 10,05811110,31466 
9.08557 941 $2/997437 10, 25625 10,05818110,31443 


| 9,68 351 


ad * __ — 


” — _ — — — 


L 482 1 


——A Table of Artificial Sines, - 


- al — 


127 


128 


9.6 
6919 


g 
| 1 
3919 


| 319,68625/9-94161.9,74405 
| ,6B648 294054 274498 10, 25 506 10,8840 
6867 19,9414 9474524 10, 25470 10,5853 
4; 94140 9174554 10, 25440 10,5809 
1 7 20584228 9474584 10,25417] 10, 5867 
10, 28387 10,5874 
e 9.74 043 10,25357| 16,0881 
10,25327 10,05888 
68807 125 9574702 102528 10, 5895 
; 9,68830/9-94-98,9-74732 [10,25 208] 
,688 5 2(9-9499 1:9,74702 
4 9.6887 519294983 974797 [10,25209] 19,95917 
5.58897. 94076 9.74921 
6892 9.94009 9574851 
94062 9,7 4880 [10,25 120 
29495 509.7 4910 fi, 25090 
10, 25001 
9,9404 19,4969 10, 25031 


5758784 


6923 


68694 


194168 


919-941 20 91749 13 
19411 29174673 [10,2532 | 


19,94934,9174999110,2500 
»94027 9475028 10,2497 


4610, 2485 


10,25179 
10, 25 50 


$110, 24942 
9401 319-7597 [10,2491 


9,9 40059, 75 11710, 24883 


110, 24824 


Secant. 


10,25625 1005818 
10,25595| 10,058325 
10,25565| 10, 5822 
10, 25 30 10,5839 


10,05902 


10, 252380 10, 5910 


10,05924 
10,05931 
10, 5938 
10, 5943 
10,0595 21 23 


19,05959 
10,0596 


10,05973 
10,05980 


15705995 
410. 06002 


ob 
10,06016 


1 08826 


7 2 


10,31171 [4 


10,05985, 10,3 


P o, 30811 
10, 30788 


10,31443 
10,31420 
10,31397 
10,31375157 
10,31352 56 
10,31329155! 
10, 3130654 
10,3 1284/53 
10,3 126152 
10531238 51 
10,3 1276 50 
10, 31193 49 


10, 311484 
831125 40 
10,3 1103 145 
10, 3 1080 4 
10, 31058 
10,3 1035 
231213 | 


10,30990 
10,30908 
10,30945 13%). 
10,30923 3 


10, 30766 


(483 } 


1 


. 


i. 


— 


18 
47 


[49 
171 
3 
. 


—ͤ—— Z — oe — ä—z—k—. 


4939709. 75 204 
519-9390319-7 5294 
19-9395 519-7 5323 
(9+9394819-75353 
3 {9:9394119:7.5352 
9,9393419»7 5412 
68 19,93927 
9.69412 19,9391 219-7 5500: 
$:99434 [9-939951927.5529 
9-945 (9-9389819+75559; 
9:69479 (9-9389119-75558, 
9.69501 [9,9383419.7501 7) 
9-695 23 (9-9337019.7 $647 
989545 (2:2330912.25076 
9.69557 (9,9336213-75705 
99} 919-9385 519975735. 
9.69611 19,9384819.7 5704 
9-69633 [9-9384<[9-75793 
9:09655 (9-93833} 
9.69677, ,0482019-75852 
9.59700 0,938 199.7881 
827. 34555 9.75901 
9,937 49.93 0 975 0 
26229 
9.69787 [9493790175998 
9.69809 9,9378209. 7502) 


9,6985 39,3708 
9.6987 50.937609. 76115 


29 Degrees. 


Tang. 


| 


9.75441 
9.75479] 


8 
— —„— 


9.59831 [9.93775 3.2006 T 


10,2473 
10,247 


10.246770 


9 ——ñ—l ID * 


2242886095 


10,24412 
10,2438 
10,24354 
| 10,243 24 
19,24295 
10, 24266 


10, 24236 
10, 24207 


75822 E 885719 
10,06t7 { 
18 


10,414 
10,241 1 
10,2409 | 


10,2406 of 


1 0,2403 T 


* Ai —_———— 


FE 


698 
—— 


bo 


to, 


16,06 1 


ro, 2g 
10 


10, o bat 


110, 6229 


10,6232 
I 0506 240 


9 


Freer 


— OD 5. es 


22 
I 


2 
— 


ro, 30191}. 
re 
10,30 147 1 
10,30125 11 


107410 3 | 


-Secante-| 
2 . 


[484] 


— —ͤ— 
- 


3 Table of Artificial Sies, 8 


5330 


30 Degree bs 


93746 
29.6994 9,93739 
39,6996 3,93731 
92599849.93224 
"519.7000 9.93717 
1 9 70028, 93709 
719.70050(9,93702 
9,70072 293695 
9.93587 
109. 70115 9.93580 
11.701 37,9367 


159,70224 9.94645 | 
$1227 9,3636 
9,93628 


50504 9.93 547 
70525 9,93540 


93614 2.25527 


21 | | 


| | Tang, 


— — 


9,76406 


9.7 


9,7678 


I Sine 


3 9.75740 
9,7673 
9.76 202010, 23798 


9,702 31 
9.25201 


975290ſ18,2371 
9.763 1910, 23681 
9,7634 10,23652 
97677 10,3623 


10,2385 
10,23827 


10,2376g 
10,2373 


10,23594 


9764350523565 
9,7646410, 23530 
9.70493 
9,7 + ber 10,23478 
9,76 551 
9:76581[10,23420 10,06357 10,29776 
76610{10,23391 
9,76639;10,23362 
3.56669 10, 23333 
697,10,23 304] 
9476726 10,23275 
9.76755 


10,2350 


10,2344: 


10,23246 
3$j10,23217 


9,7681210, 23188 
9,70841 10,23159 
9576870 10523130 
9.768990, 23101 
9,76928/10,23072 
9.26957 
9,76986 
922221 


10, 23043 
10, 23014 
10522985 


10,0625 4 
10, 06262 
10, 6269 
10706276 


10,06284 
10,06291 
10,06298 
10,06305 
10,06313 13 
10,06320 
10,063 28 
10,06335 
1 W422 
I 10,063 50 


10, 6364 


10, 30103 
10, 30081 
10, 30059 


10, 3037 


10, 30016 


10,29994 
10,29972 
10,29930 
10,29928 
10,29907 | 
10,2988 5 
10,29863 
10,2984 2 
10,9820 
19,29798 | 4 Fr 


10,29755 


10,6372 10, 29733 
10,6379 10, 297 12 
r0,06386; 10, 29590 
10,0639 10, 29 1608 
10,06401 1020647 


a *. Tang. ! 


10,06409/ 


10, 06416 
— 8423 2 


10,6461 


[ 10, 29561 


610, 29518 
10, 29496 


| 10,29453 


10,29625 
10, 29604 


10,29582 
10, 295 39 


10, 29475 


Secant, 


— 270547 2 9955322770 


_59 — 


+5] 


ſo wow. = — — 


485 1 


„ * 


Tangents, and Secants. 


N. 


Tang. 


9.93532 
9.93525 
3219-70590 [9-93517| 
3319-70961 11g 93510, 
3419-70033 [9.93502 
35.706549. 93495 
3619-70675 93487 
3719-79697 9.93480 


9.77073 
9.77102 
9.77130 
97715 
9.7718 


39 


4219-70803 
4319-79825 
44 9.70846. 


9-93442 1.77565 


93405 [9 77505 
933979.77533 
2399-22 
-9338219-77591 
93375 [9:77020 
93367 [9-77648 
5319-71036 [9-9336019-77677 
154 .7105819-9335219-77706 
5519-71079 [9-93 344 [9:7 7734 
5619-71100 [9-93337 [9-77703 
5719-71121 [9-93329[9-77792 


g 
9-77 217 10.22783, 
380.707 18 [9.93472 [9-77 246, 10.22754 

9-7973919:9346s5 1977275; 
9:93457 9.77303 
9 93459 9.77332 


Secant. 


9-77015 I 0.22985 10.06468 
6.77044 


10.22956 
10.22927 
10.22899 
10.22870 
10.22841 
10.22812 


10.22726 


10.2269 
10. 22658 
10.22639 


9.93435 9.77390 10.22610 
9 93427 [9-77418]| 10.22582 


10. 22409 
10. 22381 


10.22352 
10.22323 
10. 22295 


— — — 


10.22266 
10.22237 
io. zz ac 


589.7 1142 9.93322 9.77820 
599.7 1163 9.93314½%.7784 
50.7 1184.23 30719-77877 
PA & ö 


10. 22180 
10.2215 
1022123 


Tang. 


—— 
75157 
10. 29432 
10.2941 


0.06475; 
10.00483 
10 06490 
10.06498 
10.065051 29346 
100651310 29325 
10.065 20 10, 29303 
10 06528 10. 29282 
— — 


— 


* 


— 
39 


10. 29389027 
10.29367]26. 


28 


10.00543 4 2923C 
10.0655o[t0.29218 
10.065 58 
10.065 65 
10 06573 
10. ob 5 80 
wages bs 10.29112 
10.065950. 29091 
SY 7 398 
10. 26610 10 2904 

10.0661 81 0.29027 
10 06625 t 
10.06633[10.28985 
10,06640 10.28964 
10.06648 10.28942 


— — — 


10.06656110i28921 


10.291 33 


10.29197]18 
10.29 17670 


o. 29069 


10. 0666310. a8 oc 
10 0667110. 28879 
10.0667 810. 288 58 
10. 00086 


— 


— 


10.288371 
10, 28816 0 


{| 


hs Cx, ” . | 


's 
14 
13. 


29 


— * 


- Rx er —— 


© 4S om - 


—» to —[fm. oe 


[486] 
ſth * Table of Artificial Sines, . 1 


4 = te 


: «„ LE NES — — — 1 „6. * - 2 oo” 
| 3 k 
. 1 PR 
' 8 e tht. At. > % 7 | 
— — . — 
. 6 P | , . | * : * * 2 
* 


Tang. | Is Secant. 


9,7877 10,22723 75 569310, 28816 60 
1 712055 9-93299| 7 7990110,22094|10,0670t| 10, 28795 59 
712260, 93291 9,779 50, 22065 10, 670g 10, 2877458 
365.712470,03284 9,7796310, 2203 10,007 16 10, 2875357 
422. 129819,93276 9729 7992110 10, 2200 10,06727 10,28732 56] 
9,7802010, 27960 10,734 10,287 71 55 
9.7 804910, 2195 1010, 06739 10, 28690 54 
9.78078 10,1923 10, 674710, 28669 53 
6 9,7810610, 1894 10,067 54/10, 2864852 
|9:78135]10,21865| 10,6762 10,24627|51 
9781631, 183 10,06770{ 10,28607 50 
3 9,7819200, 21808 10, 06777 10, 2858649 
1219-71435 9.93215 |9,78220/10,21780, 10,06785] 10, 2856548 
3.71456, 3205 9,7824910, 2175 110,793 10, 28844047 
22477.9320 9.78277 10 10,21723] 10,00800], 1,2882346 
1710957140 9.9319219,78g06}[r0, 21695 10,06808] 10,28 50245 
9,93185 9,78 $334 10, 21666 10,068 16 10, 2848144 
17.715 399,93 177 9,7836310, 21637 10, 6823 10, 2846743 
189.7 15609, 93 169 9,7839110, 21609 10, 68310 10, 28440 42 
$9j9.7158119,93 161 [9,78419 10,21581|10,06839| 10,28419] 41 
,7160219,93154 9.78448 10,215 52 10% be 10,28368 40 
1.716229, 93146 9,7847910, 2152410, 06854 10, 283783 
| 2219,7164J]9,93138 9,78505\19, eee 10, 283573 
239,7 166309, 93 131 9,7873310, 21467 10, 0869 10, 2833637 
24,7168 509, 93123 9,78562,10,21438 21438 10,9687 | 10,28315 36 
,7170519,93135 9,78590 10-2r41of 10,0685} 10, 2829535 
„1726.931089, 78618 10, 138201, 6873 10, 2827434 
270%, 71747, 93100 9,7864710, 21353 10,06900 | 10, 2825333 
2819,71707 993008 9,7867510, 21325 10, 6908 10, 28233032 
2909.217889, 93084 9,7870410, 21296 18 88 [1938318 31 
$0[971309/9,93077 [278732110 10,21268 — . 30 
5 Teng. 


. 
: w . oe — a — 
TY 6.4 he > —_ 0 5 _ * .* 


58 Degrees. | S | 


[ 
— Q— 


F 


* 


Fr 


_ ® . * 


1487 


2 „ wv 


Tangente. and Secants. / 1 


3 Degrees. _ 


To 


- 


3119.71829[9.93069 9. 78 
3219-71850 [9.93061 [9.7 8789 10.21211 
33 71870 9 14 9. 78817 10.21183 

92884 10. 121155 


10.212401 


zoſg-71809 [9.93077 0.7 8732, 10. 10:21268/10 o0ge5 


19.0695 


19. 06931 


19.0693 
19 06945) 


71932 9. 93030 9. 78902 10. .21098 
71953 19-93922 ,9-78939, 9.21070 
71973 93015789 910 21042 
$4995 9.93007 978 7 10.21013 


9 92961 9 79043 10. 20957 
4 92983 9. 79072 10. 20928 
297609 79100 10.20900 
| g 752955 9 29128. 10. 10.20872 
45 = 92960 791 56 | 
6019-72137 [9-92952 791 85/10. 20815 
828785 9 


9-72177 19-9293*< 10.20759 
49 9-72198 92929 N. 10.20731 


— 


Win. 


508 


10. 20562 
10.205 34 

. t0.20505 
92858 0. 79523 10.20477 
92350[9.79551] 10.20449 


5519-72320 [9.92891 6 
9.9287 


5819-72381 
5912 72401 
6019-72421 


[9213 10. "RK .070 


19.06 970. 
10. 06978! 


10. 05986 
10. 19.96993'to 2 


9• 82887 9 79015 10. 209850. 07 


10.07009 
10. 07017 


10.07025 
10. 07932] 


1 8.874010. 


10. 7048 


10 20703 T. .07079 10-2778 
10.20674]10 07087J10.27762 vl 
10.20646[10.07095ſt0.27741} 8 
10.20618|10.07103,10.2772 


S £2 
— - : 
D : 


— 
10.281923; 
10. 28177 
10. 28250 
10. 28130 27 | 
10.291 001z6 i 

10. == 27 | 
10 28068 24 
10. 28048 23 
10. 28027422 
10 28007 21 N 
10 10 2798 
10.279669 
10.27945118 
10.27925]r7 
— TEAS 16 


7 


10.07111110.27701] 6 


10.071 18/10.27681 7 

10 07126010. 2760 

10. 0714 10.2646 > 

10. 0714210. 27620 2 

10. 051 5010. 27599 x 

10 8 27579 © 
Decant. 


— 
* . 


84219-7957 10.20421] 


3 3 Pap 


— 


- 


74 | 


: 
1 


20 


| 


10.2784 13 
10.07004[10.27823[t2 
10.07071/10 278021r , 


1 


[488] 


A Table of Artificial Sines, 


7983775 
9283 


9, 725272 92803 
3992795 
25. 21552 92787 
7258292779 


1 
72643 9.92755 


9.92715 


9 9 92691 
9-92683 


9.92643 


0.926119 
292093 


72723 9 92723 | 


39.927079. 
9 92699 9.800 


80112 
22555525195 
80168 


80196 
9. 80223 


9.92635 9.807 
1 9.92627 80335 
9.926195˙80363 


979579 


691 [10.2030g 


10. 20281 


9.79747 
79770 
9.79804 


9. 9.79860 
79888 


79916 


80028; 
.80056, 


| 


90281 
— 


55279 


on 20168 


10. 20421 
10. 20393 
10. 20365 
10. 20337 


10. 20253 
10. 20225 
10. 20196 


10. 201.40 
10. 20112 
10. 20084 
10.20056 
10.20028 


80000! 


10. 19805 


80595 
959 


—_— 2 


10. 20000 


10. 19972 J 


1019944 
10. 19916 


10. 19888 
10. 19860 
10. 19833 


10. 19777 
10 19749 


10. 19721 
10. 19693 
10. 19665 
10. 19637 
10. 19609 
9h. 19581 


Secant. 


10.071158 
10.07 166 
10.07 174 
10.07 182 
10.07 190 
10.0 198 
10.072056 
10.7213 


10.072221 
[0.07229 


0.97237 
0.07245 
10. 07253 
10.07261 


10.07269| 


10.07277 
(0.07285 
[0.07293 
0.07 301 
10.07 309 
70.077 
10.07325 
10.07333 
10.07341 


10.07349| 


r0.07357 

10. MET 
10.07373 
10. ©7381 
19.07 389 


Tang; tl. 


Ea Ile 


10. 27277 45 
10. 27257 44 


10.272374 
10.27217ʃ42 


10. 2219741 


10.27177140 
10.271 5713 
10.271373 
10. 27118037 


10,2709 36 


AY 3 


[ 4899] 


Tangents, and Secants, /- sf 


32 Degrees. 


2 ä——ͤ— — — 


— ——— — Oe 


1 


| 


45 9.73318 
4619-73337 


9-73474 
5419 73494 


4 


5819-7357 
5919-73591 
73611 


* 


9 92603 


9.92595 
9.92587 
9.92579 


9.92571 


9.92593 
992555 


1992547 


9.92538 


32000 9.92530 


9.92522 


73239992514 


9.92482 
9.92474 
9.92465 
9.92457 


6 9-92449 
9-924411 9.30975 
9.924331 9-$1003 
9 9242519.81030 
9 92416 


9.92408 
9.92401 


9-92392 


9-92384 
99237 
9.92367 
22222 
Sine. 


ö f 
Tang. 
9.80479 
9.80447 
9.80475 
9.80502 
9.80530 
9. 805 58 
9.805 86 
9.80614 


9.80697 
9.80725 
9.80753 
9.80781 
9.80808 
9.80836 
9. 80864 
9. 80892 
9.80919 
9 30947 


981058 
9.81086 
9.81113 
9 81141 
9.81169 
9.81196 


9.80642 
9.80669 


10.19581 


10.19553 
10.19526 
10.19498 
10.19470 


10.19442 
10.19414 
10.19386 
10. 19359 
10.1933 1 
10. 19303 
1019275 


10. 19247 
10. 19220 


10. 19192 
10.1916 

10.1913 

10. 19108 
10. 19081 
Io 19053 
10. 19025 
10. 18998 
1048970 
10. 18942 
10. 18914 
10. 18887 
1018859 
10. 18831 
10. 18804 


10 18775 


| 


9.81224 
9.81252 


10.18748 


Secant. 


10,07405{10.26g5 
10,0741 3{/10.26093 
10.07421 10.2691 
10 0742910. 26899 
10.07 10.2087 
2 10.26868 
10.074540. 26840 


10.074620. 268 20ʃz2 


10.07470j10.26800 


1007478010. 26781 
10.074860. 26761 


10. 07494010. 26741 
10.07502j10.26722 
16.075 t0j10.26702 
10.07518|10.26682 
10.07527 10.26663! 
10.07534 10. 26643 
10.07 54310 26624 


1 10.2660 
10.07551 4/11 


10.07559 10. 26584 
10 07567 10. 26565 
10. 0755 10.2545 
10.07584 10. 265 20 
10.0759 2 10.265806 


10.97600 lo 26487 


10.07608 10.26467 
10.07616 10 26448 
10.07625 10.26438 


10.07633 10,26409 


10.07641 


10,263 89 


= 


as. ah 


28 


221 


26 
25 
2 4 
4 


1. 
20 
19 


-4 


| 
| 


181 
171 


16 
15 
14 


_—— 


a 4 | 4 


fo - »w aw] 


57 Degrees. 


| Tang. | 


n__ 


| 


8 


; 


— 


10.07 39710. 2697830 
29 


— 


* * FW li. 
- 


» J 
[- 490. ] 
a * 


A Table of Artificial 


— __w@_u_—— — E — 


199.73978 .92202 
20 9.72998 9-92194 
2119-74017 9-92186 
229-74036 9-92177 
£3 9-74055 9.92169 


- = =_ 
* 0 1 
— — — — 
* 


Tang. | 


9.92359 


992335 
9.92320 


9.73901 
73921 9.92227 
73940 9.92219 
9.73959 9.92211 


81731 


9. 21619.8 1913 10 18087 
2 2. 22 9.91903 2 


9.74113 9.92144 


81666 10. 18334 10. 07705 
81693 10.183000. 077 
10. 18279 10.0778 
81748 10. 18252 [0.07789 
81776 10. 18224 10.0798 


81804 10.1819 0.07806 
81831 1.18169 10.078 14 
81859 1018142 10.0823 
81886 10.181140. 07831 
10.078 39 
. 2152.81 i 10.18059 10.07848 
5 — 44 4c; 0 $1968 10.18033 10.078 56 
1J27 9.74132 9.92136} 81996 [10.18004 10.07864. 
2819-74151 9.92127 (9.82023 10. 179770787; 


9.81252 10. 18748 [0.07641 

9.92351 9.81279 f. 1872110. 07649 
9.92343 [9-$1397 fi0. 18693 f10. 07657 
81325 10. 18605 [10.07666 
9.81 365 10. 18638 flo. 2624 
.81390j10.18610ſ10.07682| 
8141810.18582ſ10.07690 


81445 [10.18555 [10.07698 
81473 lo. 18527 0.0706 


81500 10 18500 10.0775 
92277 9.81528 1018472 10.0723 
81556 10.1845 1007731 

10. 18417 0 07740 
92252 0.81611 0.183890. 0%48 
9.738820 92244.8 163810. 18362 10. 07756 


19.262155 
10.26195ʃC0 
10.261704 

10 26157148 
10.261377 
10.261186 


10,25945 
4 — 


10. 2590802 c 


10.25888034 
10.2586 1 


10.2584 32 | 


10.2 81 113 . 8 
— g 


2919-74170 9.92119 9.82051 [10.17949[10.07881 [10.2583 
$9-74189 9.9211119.82078 10.179221. 2889 

* Sine. Tang. f Secant 
— EC — 
1 56 Deprees. 


31 
O0 
* * 

2 


— — 
* 


122 


a 4 
—— — 
— — 
* —- - 


182888 | — — 
N Oo PI own} —— — 


Lf 


* 


_— 


—ůͤ„K»„ - — — — - * —_ 


389.743 


Tangents, and Secants. 1 


CI 


[491] 


— 


1.5 


— n 


K K 22 : 


1 
33. Degrees. 
—— — ew"w_ — — z: L4?—EÄ—2 «c «% —.üͤb⸗æ⸗„jů... „% ⁵ ooo 0 


1 


Sine. 


LAN 


309.747 80 


3119-7420 
3209. 7 75 
33 9 74245 
34[9-74205 
3519-74284 
3919-74303 
3719-74322 


9.92111 
9.92102 


9.9209 


4 


3919-74360 


[4919-74379 
4119-7439819 92018 
42]9.74417]9-92010 
12] 74436 


22 


1. 5 7447419 


4919-74493 


14219-74522 
[4819-74551 


49]9:74549 


5119-74587 
52 6.7485 


9.918 


589.7479 


9.9208 
15. 92077 
9.92068 


9. 92060! A 


9.92052 
9 92044 
9.92035 


9. 9.92020 


9.92002] 9. 82435 
9-91993] 9-82462 

9.91985|9.82489 
9-9197019-82517 
99196819 82544. 


9-91959 
9.91051 


5009 74568 9-91942 


9-91934 
9.91925 
991917 


44} 9-9 1908 


9.91900 


2 
0.0188; 
9.91874 


bt 5 14727 9.91866 


— FEET 


A 291887 


* Sine. 


— — 
9. 82352 
9.823 80 
9.82407 


9.82571 
982599 
9. 9.82626 


9.82653 
9. 82681 


9.82708 
9.82735 
9.82762 
9 82790 
9.82817 
9.92844 


9 $2872 10. 17129 
N 10. 17101 
e 


[7 
10. 17922 


| [10.17839 
[10.17812 


110.17757 


$110,17702 


10. 17648 


10.125328 


——— 


19.717374 


— | 


10.17 2+ 
10.178 


10. 17785 
10. 17730 
10.1762 ˖ 


10. 17620 
10. 17693 
1.17565 


10.1751 
10.17483 
10. 17456 


10. 17429 
10. 17401 


10. 17347 
10. 17320 


10. 17292 
10. 17265 
10. 17238 
10. 17210 
10,17183 
10. 17156 


bad) 10. 87.60 
10.07 898 10.257929 
10.7906 10. 25773 E˙ 
10.0794 1.25754 
10 07929 9 282280 
1657051 10.257roſes 
10. og 

10. 07948 10.25678[23 

10. 07956, 10.256592 {- 
10.7985 10. 10.256401 
10.007973 10. 16.256521 20 
10. 07982 10.25602]1 
10.07990'10. 25503 18 


10. 16.08007 10.2 


10. 10.0801 5 
10.08024 
10.08032 
10.08041 
10.08049 


10.0805 
10.08066! 


t0.08092 10.2535 
10.081 
t0.08109'10.25319 
10. o8 11710 25300 
10.08126[10.25281 
10 08134,10.25263 
10.081431. 28245 


— 


7 


8.10. 25432 ¹0 


10. 25338 


© e [rr 


Secant 


. 


56 Degrees. I 


— 


Mia 


— 


1 402˙ 


A Table of Artificial Sines 


34 Degrees. 


* 


9-7485019.91815 
9.7486819.91806 


1019-7494319 91772 
1119.74962[9.91763 
1219.7498c19-91755 
1319.7499919-91740 
1419-75917 19-91738 


9-7505419-91720] 


21 9 82981 


9519 33415 


9.83524 
1.2.8388 


9.83659 


13 | 2373 


Tang. 


— — — 


9.82899 
9.82926 


9 82953 
9.83008 
9.83035 
9.83062 
9.83089 
9.83117 
9.83144 
9.83171 
9.83198 
9.83225 
9.83253 
9.83280 
9.83307 
9.83334 
9.83361 
9.83388 


9-83443 
9-83470 
9 83497 


9-83578 
9.83605 
9.83632 


9 83680 


10.16965 


10.17101 
10.17074 
10.17047 
10.17020 


10.16992 


10.16938 
10.16911 
10.16884 
10.16856 
10. 16829 


| Secant. 


10.08143 
10.08151 
10. 08160 
10.08 168 
10.08 177 


10.08 185 
10. o8 194 
10.o8202 
10.082111 
10 08220 


10.008228 


10. 16802 


10.08237 


10.167751 0.08245 


10.16748| 
10. 16720 
10. 16593 
10. 16666 
10. 16639 
10. 16612 
10.1658 5 
10. 16558 
10. 165 30 
10. 16503 
10 16476 
10. 16449 
10. 16422 
10. 16395 
1016368 
10. 16341 
10. 163 4 
10. 16287 


10.082654 
10.082062 
10 08271 
10.08 280 
10. 08288 
10. o8 297 
10.08 305 
10.083 14 
10.08 322 
10.08 332 
10.08 340 


10.08 349 
10.08357 
10.08 366 
10.08375 
10 08383 
10.08392 
10. 08401 


* 


— 


oats © bas. 
10.25225 
10. 25 206 
10.25 188 
10. 25 169 
10. 25 180 
10 25132 
10.251113 
10. 25094 


10.250781 
10. 25057 50 
10. 2503949 
10.250200 48 
10. 25001147 


10.24983 
10.24904 
10.24940 


1024927 
10. 24909 


10 24890 


10.24872 
10.24853 
10.24835 
10.24816 
10.24798 
10.24779 
10.24761 


10.24706 
10.2468; 


"Tang. 


Secant. 


» 
4 1! „„ 4 


55 Degrees. 


10.24742]. 
10.247 oo 


o | 


| 


[ 493 ] 


Tangents, and Secants. 


— 
” 


34 Degrees... - 


| Secant. 
9.83713 
9,83741 

321 9,75350[9,91 582[9,83708 


819,9157319-83795 
9,83822 


35| 975495 [9915561 9.83849 
130] 9.75425 [991547983876 
371 9+7544119-91509| 9,83903 


10,16287[10,08401 
10, 1626010, 8409 
10, 1623 2010, 8418 
10, 16205|10,08427 
10,16178|19,08435 
10,16r51]10,08444[10,24595 
10, 1612410, 845 3010, 2457 
10, 1609710, 8462 10, 2455 


9,754969,91512 
+119,75514 
9,7553319»91495 
9,755$51 91480 
9.75599 9.91477 
1459.755879, 91409 
6 9.75605 [9,91 460 
9,75024 [991451 
9.75642 [9,91442 
9,75660 291433 


9,7 5078 19,94425 
5119,75695 [9,914 16 


3919-75341 [9-91345 
0919-75859 [3-91 33t 
| 'F Sine, g 


38] 9,75400[9,91 530: 
39] 9754751991521 


91504 


9,83930 
2839527 


10, 160700, 8470 
10, 16043 10,8479 


9,83984 
9,8401 I 
9,34038 
9 34065 
9 2095 


9.84442 


9.84119 
9,84146 
9.84173 
9, 84200 
2.84227 
9.84254 
9584281 
9.84307 
9 84334 
9.84361 
9584388 
9 84415 


9.84469 
9.84496 


10, 1601600, 8488 
10, 1598910, 8497 
10, 15962010, 8505 
10,1 5935110. 085 14 


10,2454 


10,2422 


10, 24504 
10, 24486 


10, 24467 


10, 24449 


217 8823 
10, 15881010, 08532 
10, 15854010, 85 

10, 15827 10,0854] 
10,15800[10,0855 5 
10, 15773 10,08 567 


10, 15747 


10,8875 
10,15720[10,08584 
Io,15693[10,08593 

10, 1565610, 8002 
10, 15639 10,0861 1 
10,1561 2j12,08619 

10, 5585/10, 08028 

10, 15558010. 08637 
10,155 110, 08640 
10, 15 504010, 0865 5 
10,1 547710, ot 654 


928422 


10,24141 


Tang. ES 


10,24431 


(10,24413 


10,24394 
10, 24376 
10,2433 
10,2434 
10,24321 


10,24231 
10,24213 
10,24195 
10,24177 
10,24159 


* 
* 
* © - > * = — 


55 Degr ei. 


Dr — 


K 


K. 


[ 49401 


* 


A _— 1 


21 9-70230 9.91150 
12319-76271 


—— 0 _ ” 


A Table of Artific 


al Sines, 


CN CEE INS — 


| 35 Degrees. 


— 


* . 
—— yp_---- - ”— 2 


8 


9.91336 
9.91328 
5991319 
9.913 10 
2222991301 
9.91292 
991283 


91274 
6.0 266 


15[9-79129 91205 


91176 
1919-70200ſ9.91 167] 


2019-70218[9.91158 


91132 
24 925289.91123 
25 763079.91114 
269.763 285%. 91109 
27.763420. 91006 
2809.763609. 91087 
299 763789. 91078 
3019-76395h9-91069 


9.84523 
9-845 50 


' 


: 


» 3 


984576 
g 84603 
9.84630 | 
984687 
9.84684 
9.84711 
9 84738 
9 84704 
9.84791 
9.84818 
9.84845 
9.84872 
9.84899 
9.84925 
9.84952 
9-84979 
9.85006 
9 85033 
9.85059 
9.85086 
9 85113 
9.85140 
9.85166 
9-85193 
9.85220 
9.85247 
9.85273 
9 85300 


Sine. 


2 LOI 22 


| Tang. 


. 


10.15477 
10.15450 
I0.15424 
a 
10.183720 
10.15343 
10.15316 
10.15289 
10.15262 
10.15236 
10.15209 
10,15182 


| 


10. 15128 
10.15 101 
10. 15075 
10. 15048 
10. 15021 


10. 14994 
1.14968 


10. 14941 


10. 14914 
10. 14887 


10 14860 
10. 14834 
10. 14807 
10. 14780 
0.14753 
10. 14727 
10. 14700 


1.14673 


— 


10. 15155008770 


10.087288 


Secant. 


10.08664 
10.08672 
10.08681 
10. 08690 


10. o 86g 
10. 08708 
10.087 17 
10.08726 
10 08735 
10 08743 


10.08752 
10.08761 


10.08779 


10 08797 
10.08806 


10,08815 
10.08824 
10.08833 


10,08842 
10.088; 1 
10.08860 


10.08 868 
10.08877 


10.08886 
10.08795 
10.03904. 
10.0891 3 
10.08922 


2 


Tang. 


| 


10.08931] 


| 
0.24141 
10. 24123 
10. 24105 
10. 24087 
10 24060 
10. 24051 
10 24033 
10.2401 5 
10. 23997 
1.23979 
10. 23961 


10. 23943 


10.239265 
10. 23907 


10.23872 


10.23836 
10.23818 


10 23782 
10.23764 


10.23747 


10. 23889 40 


10.238544 


10.23 80041 


10.2372 


54 Degrees. 


— 


37] 
10.237171 36 


195 ] 


ä —_—— 


Kk2 


— — — _ - — —— 
| Tangents, and Secants. 
— —_ CO TIN AS eee 
| 35 Degrees. As 
| = Sine. 8 Secant. 
3009.763959, 91009. 9,853 27 10, 1467300, 893 1010, 23605 36 
| 31[9,70413 [9,91060[9,85 354| 10,14647[10,08940|10,23587|29] . 
32|9,76431 [9,91051[9,85380] 10, 1462010, o8949 10, 23509 28 
) 33] 9-70449 [991042] 9.85407] 10,14593[10,08959|10,23552]27 | 
| 34| 7640019-91933]9:35434| 10, 1456611908968} 10,235 34/26} 
1 35] 9.76484, 910249, 85450 10, 145400, 897 710, 2351625 
3 369,650 9,9 101409.85487 10, 145 1310, 8986 10, 23499 24 
2 379.765 19,9 0059,85 5 1410, 1448610, 899510, 23481023 
1 38] 9,765 37 [9999901 9.35549] 10. 1446010, ooo 10, 23463022 
0 39 9.26854 920987 9285567 10,1443 3|10,9901 3 10.2344 21 
9] 409,765 729, 909789, 85 594] 10,14406[10,09022|10,23428 
8 419,765 90 9, 90969 9,8 5620 10, 14380010, 903 1010, 23410 
7 429, 76607 9, 909609, 8564710, 1435310, ogogoſ 10, 23393 
1 43 19,76625 , 9095 109.8597410, 143 20010, ogo 4910, 23375 
5 J d e 10,14300110,09058] 10,23358 
+4 45 [9-7666019,90933/985727] 10,14273/10,09067|10,23340/ 
43 469,76677 [9,99924|9,35754| 10, 1424610, 9076.10, 2332301 
42 4719, 76695 5590915 9.85780 10, 14220010, ogog g 10, 2330513 
41 489.767 12, 909069, 85 80 10. 141930, 9095 10, 2328812 
70 e e 2. 10, 14160110,09104 10,23270] 11 
39 50] 9,76748 ware 9,85 860 10,14140[10,09113] 10,23253| 1 
38 519, 76765 9, 9087809,.8 5887 10, 1411310, 91220 0, 23235 
37] 52] 9,7678200, 908699. 85913 10, 1408 7/10, 0913 1010, 23218 
1 5319.768009, 908609 85940 10, 14060010, og 140 10, 23200 
35| 14/222 2880971051229 85 
134] Il (5519-76835 9.58429, 85993 10, 14007 10, 9158 1,2316505 
133 569,768 5 200, 9083209, 86020 10, 1398010, 9168 10, 23148 
132 57|9-76870 [9,90823|9-86046| 10,13954/10,09177[10,23130 
131 589.7688 7 09, 908 149,860 30 10, 13927 10, ogi 86| 10,23113 
1 30 599, 76904 0, 9080 59,86 100 10, 13901010, og i510, 23096 
+ Wl 60]9,76922 [9,90790[ 9,861 26 10,13874/10,09204| 10,23078 
15 82 dine Tang. Secant. 
— | 54 Degrees. 


1 496] 


2 3 Table of Artificial Sines, 
36 — 3 


| 


Sine. | Tang. Secant. | 


hem 7692 209, 90796 9,86126/10,1 3874 10,9204 10,23078 6o 
119-7093919-90787 9,8615310, 3847/10, 921310, 23061 50 
| 90777 |9,86179 10, 1382 1010, 9223 10, 2304358 
90768 9, 86206 10, 13704 10, 09232 10, 23026 57 
9,-7099119,90759 | 9-86232[10, 13768] 1,9241 10, 3009 50 
ö N "51947700 590750 9.86259 10,13741 10,09250 10, 22991 55 
| | | 619 7702019,99741 [9,86255110,13715110,09259] 10,22974| 54 
8 ö 79.770439, 907319, 863 12010, 13688 10, 9269 10, 22957 53 
| | 
| 


— TS £ 


$19,77061[9,90722 9,863 3910, 13662] 10,09278 10, 2293952 
997797819907 13 9.8636f10, 136351, 9287(10, 2292251 
1009.770959. 90704 9.86392 107 13609 10,0929 10, 22905 50 
11 9-77 1319-90095 | 9,864.12 10, 1358210, 9306 10, 2288849 
1249,77 1309, 90685 978644510, 1355610, 093 15/10, 2287048 
290676 (9.86471 10, 13529 10, 9324 10,22852 47 
790667 9.80498 10,1 30, 10,9333 1,2283614 


1 1519-77182h7 990657 19,865 24 10, 13476 10, 9343 10,22819 
# 169, 771990, 90648 9,8655 110, 13450, 10, 93 52 10, 22801 
17,772 160, 90639 9.8657 7/10, 134230 10,9351 10, 22784 
18 9.723003 9.96604 10, 13397 10, 9370 10, 22767 
19 9.77259 9,900. 20 9,86630, 10,13370 10,09380 10,22750 


2 997726819,9061 1 /9,3665 6 10,13344| 10,09339 10,22733 
2119,7728519,90602 9,865 83; 10, 1341710, 9398 10,22715 
22,7302. 90593 9, 86709 10, 13291 10, 9408 10, 22698 
2309.773199, 905 839, 86736 10, 1326410, 9417 10, 22681 
12419-7733019905 74 '9,86762 10,13238|10,29426. 10, 22664 


25 9377353 9.90565 55 |g,86789 10,15 IO0,13211 10,9436 10,2264 
2619,77370 505881 9o86815,10,13185 10,09445 10, 22630 
27,7388, 9545 9,8684 2 10,13 158] 10,09454'10,22613| 
289.77405,90537 9,5686810, 13132 10,9463 10, 22595 
2909, 774220, 905279, 8689 5 10, 13 106 10, 9473 10, 22578 
3997743912: 9.90518 ———— 10,09482 10,22501 
inc + * [ Tang, _ _ _ | Secamt. 


45 


*% 
oY a — 
RN. — 


— 


* 5 * 
1 
* — 


5 
— - 
— 


4 — ts i % * ju 
þ 4 m . - F4 2 "a 
— S—=— —— — 
* 
4 


% = & AL a, 4 
— . - _ 
5 — . ea a —— 
= 


GS ae i Degrees. 


497 


= 


Taangents, and Secants. 


36 Degrees. 


3019-7743919 90518 
77456 9.90509 
3219-77473 19+99499 
3319-77490 [9 99490 
3412-77507 [9.92489 
3519-77524 19-9947 | 


* E 


9.8092 i 10.13079 
9.369471 10-13053 
9.86974 10.13026 
9.87.00 10.13000 
9.87027, 10.12974 
9.57053 10.12947 


3619-77 541 [9-90462 
3719-77558 [9-90452 
3819-77575 [9:99443 
3912-77592 [9:99433 
4119-77026 [9.90415 


9 
42.776430 


47 9.77728 
4319-77744 
491277761 
5019-77778 
(5119-77795 
5219-77812 


57,9-77896 19 90263 
5819-77913 [9-90254 
5919-77930 [9-90244 


4919-77009 o. 9042 


90405 9.87238 10. 12762 
4319-7766019 90396 9 87264 10. 12736 
4.22622 |9 99386 [9.87299 10.12710 
4519-77094 9 99377 6.873170. 12683 


4619-77711 [9-90368 [9.87343] 10. 12657 
90358 0 8736910. 12631 
90349 [9.87 396] 10. 12604 
2 9933919-$742 
90330 [9.87448 
.903201[9.87475 


.90311 [9.87501 
5319-77829 [9-90301 [9.87527 
5419:77346 [9:99292 [9:37554 
5519-77362 19-90282 [9.8758 
5619-77379 [9-99273 19-87 


9-87079. 10.12921 
9.87106 10.12894 

.87132 10.12869 
9.87159 10.12842 
9.87185 10.12815 
9 87211 10.12789 


10.12578 
10 12552 
10.12525 
10.12499 
10.12473 
10.12446 
10.12420 
10.12394 
9.87633] 10.12367 
9.87659 10.12341 
9.87685|10.12315 


Secant. 
1 0.09482 


10.09491 
10. 09501 


10. 22561 
10.22544 
10. 22527 
10 0951010. 22510 
e 
10. 09529 10 22470 


o 09538 10. 22455 
10. 09548 10. 22442 


10 09557 10.22425 


10.09567 
r0.095 t 
(0.09585 
10.9595 
10.09004. 
— 
10.09023 


10 2240 
| 


—ů —— — 


10.2239] 
(0.22374 
10.22357 
10. 22340 


10. 22323 


10.2230 


10.0963 


10.2228c 


100964210. 22272 
10.0965 110. 22250 
10.9661 10 22230 


10.096700. 22222 
10 og9680|10:22205 


10.09689 


10.09699/10.22171 | 
10.09708[10.22154 
10.09718[10.22173 

10. 0972710. 22121 
10.221044 


10.9737 
10.097 46 
10 0975 


610.2205 


10.2218 


10. 2208 


71 
6] 


77 


6009. 77946 290235 9.87711 1.12289 10. 09255 1.22054 | 
V1.1; Tang. | | Secant. | 2 
$3 Degrees. | 4 


Kk 3 


WW 2 


— — — 
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$'3 
5 


- > - —— — — —x — _ - 


—— 8 
— — 
— — 
——ͤ— — 


— = — 


— 


1 
FP 
ey i 7 4 Bic 
* — — - —— 
— — — — — — 
— — — . I 


2 4 = y — 
e ww ES + 
— - — — — 
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4 
1 


— — I - 
4 


-i r 


— - — - — — — 
T. m ͤ ͤ—2' ou on rag gn 
— * 7 


a — r 
— — — — —K— — — 2 
= 


_ — 
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a 
n 
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A Table of Artificial Sines, © 


* 


— 


& >, 


Degrees. 


— 
— 


* * 


= 
5 


019,7 79401990235 
119-7 790419,90225 
219-7798019,90216 
319»7 79971990206 
417801 3]9,90197 
509,7 80300, 90187 
69,7 8047, 90178 
70,7 8063, 90168 
809.7 80809, 901 59 
9228027299149 
109578 113%, 90139 
1119,7813019,901 30 
129,78 147, 90120 


Sine. 


2 78263 228883 
20 9782809, 90043 
219.7829609, 90034 


7 


Tang. 


9,387711 
9,87738 
9,87764 
9,87790 
9,878 12 
9.87843 
9.87869 
9587795 
9,87922 
9.87948 
9.87974 
9,88000] 
9.88027 
9,8805 3 
9.88080 
9,8810 5 
9,88 131 


9,882 10 


9.88236 
9,88263 
9588289 
9,883 15 
9.88341 


9.88420 
9,8 8445, 


619,88472 
9,88498 
Wong N 


” - 


10,11947 


10, 11869 
9,8858010, 11842110, 09928 
9,88184.10,11816 10,09937 

10,11790 


10, 11685 
10, 11659 
9,88367 10,1 1633 10, 1005 
9,8839310, 1607] 10, 1001 % 


10, 12289 
10, 12262 
10, 12236 
to, 12210 
10, 12184 
10, 12157 
10, 12131 
to, 2105 
10, 12078 
10, 12052 
10,1202 

to, 1 2000 


10, 11974 


10, 11921 
10, 11895 


10, 11764 
10, 11738 
10,1171 


10, 11580 
10,11554 
10, 11528 
10, 11502 


Tang. 


10,9765 


10, 09803 


10, og8 80 


Secant. | 


10,09775 
10,09784 
10,09794 


10,09813 
10,09822 
10,09832 
10,0984 2: 
10,0985 1 
10,09861 


— — —ñ—ä 


10,22054 
10,22037 
10,22020 
10, 22003 
10, 21987 
10, 21970 
10, 21953 


10, 9870 
10,09889 


I 0,09947 
10,09957 
10,09966 
10,09976 
10,09986 
10,29995 


10,10024 


10,21720 


10,21 654 


10, 21621 


110, 21588 


10,21937 
10,21920 


10,21903|51 
10,21887 
10,21870 
10,21853 


10, 21837 


10,9899 10, 21810 46 


10,09909 10, 2180345 
10, 9918 10, 21787 N 


10, 21770 
10,21754 
10, 21737 4 
10, 21704 


10, 21687 
10, 21671 


10, 21638 
10, 21605 


10, 21572 


10, 21555 — 


'Secant. 


52 Degrees. 


— 
7 I 1 7 i” | * > — 


E 


A 


fe 4 


[49] 


* 
2 — — 2 


f WI Tangents, and Secants. 


* 3 1 


* 


Degrees. _ 


Tang. 


3 
3119-78461 [9.89937 9.8852 


3 


— 1 —  -— 


3509.785270 


9.89801 
9.89791 
4719-78723 9.89781 9 88942 
4819-78740 9.897 1.88968 
4919-78756 989761 9.88994 
5609.785772 5.9752 0.89020 
51978788 9.89742 89047 
5219 78805 19.89732 19-8907 3 
5319.78821 [9.89722 [9.8909 

5419-78837 [9.3971 219-891 25 
5519-78853 9.89703 9.89151 
5619-78809 [9.89693 [9-891 77 


88916 


9-78445 5689577 ae 
32.784789. 89927 9.885 50 
3319-78494 |9 89918 9.88577 
78511 9.89908 9.88003 
.89898 9.88629 
30 9.78543 [9.89888 19.8865 5 
3719-78560[9.89g7919-88681 
138]9-7857619.89869 [9.88707 
39]9-78593[9-89859 [9:88733 
4919-78609 [9.89849 [9.38759 


19.898 30 9.88812 
9.8982019.88838 
7419-39810 9.88864 
or 1g 88890 


» — 


10. 11293 


——— — . 


to. 11241 
10. 11215 


1011162 
10. 11136 


— — 


10 11110 
10. 11084 
10. 11058 
10. 11022 
to. 11006 


to. 10980 


to. 10954 
10. 10928 
10. 10901 
10. 10973 
10. 10849 
10. 10823 


57.788869. 89683 [9.89203 
5809.789029. 89673 [9.89229 
799.789 78 9.89663 
2225 2552 
* | Sine. | 


9-89255/10.10745 
9.992>1110.10719 


10.10797 
10.10771 


— 


1502 
10. 11476 
10. 11450010. 10073 10. 21522 
10. 1142410 10082 10. 21506 
20:21297116.t60g5 16.81.4988 
10. 11372 10. 10152 10 21473|zc 


10. 11345 
10. 11319 


10. 11267 


10.111888 


10.10053 10.2155 
10. 10063 10.215 39 


10. 10112 10 21457 
10. 10121 10. 2 1440 
10 10131 10.214234 
10.10141 10 21408 
10.10151110.21391 
10.10160[t0.21375 
10.10170 
10. 10180 
10 10190 


— — 1 — — 


10.10199]10,21 30g 
10.10209]10, 21292 
t0.10219]10.21277 
101.0229ſ10.21261] 


10.10239 10 21244 


10.21342 
10.2132E 


10.10248 10.21228 
10:10258;10.21212 


10. 10268. 10.211961 8 


10. 10278 to. 2117 
10. 10288 to. 21163 


— — ————— — — 


10.10298 10.2114 7] 
(0.10307,10,21131 
10.10317 10.21114 
10. 10327 10. 2 1098 
10. 10337 10. 2 1082 
— — 


Tang. | 


| Secant. | 


52 Degrees. 


N 


K 


bs: 


[ 500 ] 


* 


. 


A Table of Artificial Sines, 
oe 


9-78999|9:39014 
89604 
289594 
89584 
9.89574 
912.2279 N84 


9.89554 


Tang. 


9.89281 
9.89307 
9.89333 
9.89359 
9.89385 
9.89411 
9.89437 
9.89463 


989489 


9.895 15 
9.89541, 
9.89567 
9.89593 


| 


10.10719 
10.10693 
10.10667 
10.10941 
10.10615 
10. 10589 
10. 10563 
10. 10537 
10. 10511 
10.1048 5 


10. 10459 


10. 10433 
10.10407 


/ wrong 


| Secant. 


10. 10466 


10. 10347 
10.10357 
10. 10366 
10. 10376 
to. 10386 


10. 10396 
10. 10406 
10. 10416 
10 10426 
10. 10436 
10. 10440 
10. 10456 


10. 20921 


10.210 
10. a ioo 
0.21034 
10.2I01y 
10. 21001 


10. 20985 
10 20969 
10. 20953 
10. 20937 


10. 20905 
10. 20889 


10. 20873 


LT OS 2d 


10. 1038110. 10476 
10.103550. 10486 
10. 103290. 10490 


9.89619 
9:39645 
9.89671 


10.20856, 47 
10, 20840 


10.20824 


— -. 


2 - 4 18 r 
ö - 


ͤ——— oy Oe — —— - _ — — — 
" - = = = wm 
» 


12 I — ht # ä 
. — LA.... . . 


— — 22 — n !;fſ“.K« . ᷑—᷑—êüfiʒE2 l, —— : - —— 
- 


| 119 9.7924e[9-39455 


= 9.7928819-39435 
(2319:79304(9-39425[ 9.89879 


2019-79256 89455 
2119-7927 -39445 


* 


2419-793 20]2:39415 


9.89697 
9-897 23 
9.89749 
9 89775 
9.89801 
9.89827 
9.89853 


9.89905 
9.89931 
9-89957 
9.89983 
9.90009 


893649 90035 
89354 29906: 


10. 10303 
10. 10277 
10.10250 
10.10225 


10.10199 
10.10173 
10. 10147 
10 10121 


10.10095 
10. 10069 


10. 10043 
10. 10017 


10.09991 
10.09965 
10.09940 


Tang. 


10. 10506 
10. 10515 
10. 10525 
10. 10535 


10. 10545 
10. 10555 
10. 10565 
10. 10575 
10. 10585 
10. 10595 
10. 10605 
10. 10615 
10.10626 
10. 10636 
10. 10646 


10. 20792 
10.207706 
10. 20760 
10.2074 
10. 20728 
10. 20712 


10. zao8oð 


10. 20601 
10. 205 85 


Secant. 


| : 


51 Degrees. 


* 


n n — — 
- 2 2 , Ca. Dit Def A. At. AM ed DAM — _ _—__ T4 


Aa —_ kk nd. 4 * 
% 


82212822229 


2 


22 2˙888 


1 5011 


* 
* 
8 


— — —é—— —  p——— 
. Tangents, and Secants. 


38 Degrees. 8 


2 


309,79415 
3J1| 979431 
32 9579447 
33 9.79403 
34.922242 


3519279494 
36 979510 
37979526 
38 9,79542 


40 9179573, 
41 9,79589 


1 


42 (979005 9,8923319,90371 
9.8922319,90397 
44| $79836|989213 [9.99423 


Tang. 

9,8935419.90061 
9.893 44.9, 90086 
9.89334[9-99112 
9,8932400 90138 
9.893 1419-99164 
9,8930490, 9090 
9,8929409, 90216 
9,8928409, 90242 
9.89274. 90268 
9:2920412:99294 
9,89 25419 90320 
9-89244[9,90346 


5219479702 


559.79 80g 
561979825 


50 9.79731 9,39152 9,905 78 
51 [9+7974019,891 4219,90604 


5319-7977819,89122[9,90656 
$4]27279+p.89t 1213,90682] 10,093 


5749-7984019,89081[3,90759 
5819-798 569, 8907 119,90785 
88 9579872 9, 8906 


89 132 9, 90630 


891010, 90708 
8909 109, 90734 


1575950 


10, 9914 
10, 9888 
10, 9862 
19,0983 
10,0981 
10,0978 
10,09758 
10,0973 
10,0970 


— —ũãil.— — — 


10,0968 
10,99654 
10,09629 
10,09603 
10,0957 


10,09551 


10,1082 
10, 10838 
— 1 — —ü—ä 


10, 1091 


10,104 
10, 106 
10, 10666 
10, 10676 


10,1068 


10,10706 
10,10716 
10,10726 
010736 
10,10746 
10,10757 
10, 107607 


10,1077] 


10,10787 


10, 10797 
10, 10807 


10.1087 


5010. 20569 29 


— 


1820555 55 


10,2055] 28 
10,20537] 27 


* 


10,1092 
10,109 


7110,29301 


10,2028 


Aw 


E 2 


FE 

2 FS Sine. » | $734 1 Secant. 
ES 8 —— 
"LIFE 51 Degrees. © -. non 


TO R.rcrte +. bs > A 3x fs. 


4 281 2719: Bore 9 285357 991533 


SS 


502 8 


29.799 18% 
3.79934 


I & 


22.800222. $8958 
709.8004 9.8048 9.97095 


it .Boog8 9. 88937 19-9112! 


129.8007 4988927 9·91147 
1305 80089 9 . 91172 
991198 


122 80105 9.8 


88876 91276 
190 80167 — 91301 
199-00 80182 9 88 885 519:91327 


99.801797 9 9.68344 9.91353 
2119-80213 '9-3883419.91379 
22/9.80288 9.88824. 91404 
23 80244 (9.888 888 13 9.91430 
2419 80: . 90903 [22-450 


801 51 


15 e e 91224 
183 9.8 0 
Tas 


| 
| 
ö 
4 
| 
* 
4 
5 
, 
g 


80320 9. 887619.91559 
80336 9. 88751/9.91585 
.Boz5 1: 9.8874119.91610 
2 Dine. a 


10. 08493 


1008828 
10 08802 


10.08776 
10.08750 
10.08724 
10.08699 
10.08673 
10.08647 
10.08621 
10.08596 
10.08 570 
10 08544 
10.08 518 


10.084607 
10.084411 
10.0845 


10. 08390 


Secant. 


10. og go 


o. 120960 


o. 10970 


10. 10981 


19.109921 


10. 11001 


10. 11011 


10. 11022 
10. 11032 


10. 11042 


10.1 1085 
10. 11063 


10 11073 


10. 11083 


10. 11104 
10.11114 
10. 11125 
10.11135 


10.1116 
10. 11166 
10. 11176 
10.11187 
10.11197 


10.11218 
10. 11228 
10. 11239 
10. 11249 
10.11259 


| Tang, 


10. 11094 


1011145 


10. 11207 


10.201 13 


10. 20097 


10. 20082 G 
10.20066| 5 


10. za005 1 


10. 20035 5 


10. 20019 
10 20004 
10. 19988 


1.19973 


10. 19957 
10. 19942 
1019926 
10. 19911 


10. 19895 
10. 19880 


10.1971 
10. 19695 
10. 19680 
10,1966 


10. 10.196549 


| Secant. | 


— — — 


go Degrees. 


34 
33 
32 


311 


2 


" 6 er + THE. — 


929 . —— 


[ 503 ] 


—_—_— — 


0 a. A. Kt. a 2 
— 


angents, and Secants. 


39 Degrees. 


38 


Tang. | 


9,80351 9588741 9,91610 
9,8036 9,88 

9, 80382 9.88720 9.91662 
9,80397 9,8870909. 91688 
9780412 978869972214 


9780428 |9,8868919,91739 


80443 9,886789,9 1765 
3.80458 9,8386689, 9179 
9580473 9,88657 9,918 16 
9:80489 ret 
9, 80504 [9,8863619,91808 
9,8059 9.,8862609,91893 
9,805 349.8861 59, 91919 
9,805 509, 886059 91945 
9.80565 N⸗88 5949222 


9580625 88 55 2[9,92073 


9.80641 [9,885 42 392099 


9,80656 [9,885 3119,92125 
9,8067 19, 885 209, 92150 
9, 80686 9, 885 109, 92176 
9,8070 19.884999, 92202 
9,807 169588489 

80731 9,8847 8,2253 
$5746 ,38468 
9,8076z [9,8845719,92304 
9,8077 7[9,8844719,92330 
9,30792 9,8843 
9.80807 9,8842 80992381 


— 


Sine. | 


6110, o8364 


10, 0818 
10,0818 10,11353}10,19511|21] 
10, 8 13 2J 10,11304110,19496| 20 
10,08 107 10, 11374010, 19481019 
10, 808110, 11385110, 19466118 
10, 805 50 10,1 1395110,19451 17 

10,0802910,11406,10,19435 16] 
10, 8004 10, 11410010, 1942 15 
10, 7978 


| 


10,08 390 


' 
k 


Secant. 


— — — —ę— — 


10, 1125910, 19649 30 


10, 08338 
10,083 12 
10,08287 
10,8261 
10, 8235 


10, 1127010, 1963429 
10,1128 10, 1961828 
10, 11291010, 196030271 
10,11301110,19588 26} 
10,11312110,19572|25| 
10, 1132210, 1955724 


10, 8 209 


10,7952 
10,7927 
10,7901 
10,0785 

10,0782 

10,07798 
10,07773 
10,97747 
10,07721 
10,07696 


9 525 10, 1140910, 193440 10 
0 


10, 760 10, 1155 3010, 1922 
6| 10,076 


10,07619] 10,11575 10,1919, 


Tang. 


10,11332110,19542| 23} 
10, 1134310, 195271224 


10, 1143710, 1939013 
10, 1144810, 1937512 
10,11458110,19359]11 


10, 1147910, 19329 9 
10, 114900, 19314] 8 
10, 1150100, 192994 
101151101, 192844 
10, 1152201019280 c 
10, 1153210, 19254 
10, 11543010, 1923 


10, 1156 10, 19205 


Secant. 


— 


Fo Degrees. 


| 


128 9,8119509,88148 
127.8121 
28 9.812259, 88 12600. 93099 


A Table of Artificial Sines, 


* 


| 40 Degrees. 


x 
* wt . PS | — ww -/ 


|Tw 


9,88425'9,92381 
9,884 1519-92407 
209: 808 379, 88404, 92433 
39.8085 29,88 394 9.92458 
f 4.280870 N-88 3830992484 
J, 808829, 883 729,925 0 
59.808979, 88362 9.92535 
79.8091 219,883 5119,92501 
 $]9-8092719,88340/9,92587 
' 9]9-8094219,88330/9,92012 
To[9-3095 719.883 19,9,92638 
119.8097 219, 8830809, 92663 


12.809879, 88298009, 92689 


13 9,8 100209, 882879, 92715 
142.8112876. 
15 [9,81032 9,88 26619,92766 


- 116[9-8104719,8825519-92792 


17 [9,8100119,8824519,92817 
189,8 10769, 8823 4,92843 


209,81 100,882 1 20, 92894 
219,8 112109, 88 2019,92920 


9,3813719,93973 
8124019,8811519,93124 


992990 [10,07004 


1657679 
10,07 593 
10, 7 567 
10,7542 
10, 75 16 


10,7490 


10,7439 
10, 7414 
10,07388 
10,07362 
10,07337 
10,7311 
10,072 85 
10,072 


10,07234 
10,07209 
10,07183 
10,07 157 
10,7132 
10,07 106 
10, 7080 
10,07055 
10, 7029 


10, 6978 
10,0695 2 


10,6927 
10, 6901 
10,6876 
10, o68 50 


Tang. 


Secant, 


10,11575 
10, 11585 
10, 11596 
10, 11606 
10, 11617 


10, 11628 


10, 74650, 11638 


10, 11649 
10, 11660 
10, 11670 
10, 11681 
10, 11692 
10, 11702 
10, 11713 
10,11724 


10,11734 
10, 11745 
10, 11756 
10, 11766 
10, 11777 
10, 11788 
10,11799 
10, 11809 
10, 11820 


10, 11831 


10,1842 


10,1185 2 
10, 11863 
10,1184 
10, 1188 5 


10, 1 1895 


— 191331506 


— 


10,19 118/55 


10, 19088 


10, 1902849 
10, 19013 48 
10,1 899847 
— 48983 (4 


10, 18968 45 


10, 1895344 


10, 18939 43 
10, 1892442 


. 49 Degrees. 


—c 


PSY. 85> 


a 


1 505] 


+4 


3319-81299 


1399-31343 


4009.8 1402 
555 9.81431 


4719-81 505 
 $48]9-31519 


Tangents, and Secants. 


40 Degrees. 


——— — 


9.88105 
9.88083 
34 9.813 14 9.88061 
3519.81328 
3719-31358 
3819.81372 
3919-$1387 


4119.814t 


JI 


4319-81446 
44 9.81461 
4519-81475 
4619-81490 


49 281834 
5019-81549 
G1 3.37785 
5209.815758 
5319-31592 
5419-81607 
5519-81621 
5619.81636 
5719-81651 
5809.8 1655 
5909.8 1680 


* 


98786 


9.87811 


9-93150 
9.93126 
9.93201 
9-93227 
9-93252 
9.93278 


9.88094 
9.88072 


9.880 5 

9.8804 

9.88029 9.933 29 
9.88018 
9.88007 
9.87996 
9.87986 9.93431 
987975! 9:93457 
9.87964 
9.87953 
9-87942 
9.87931 
9.87920 
9.87909 
287898 


9.87888 9.93661 
907077 9.93687 


9-93380 


9.87855 
9.82844 
9.87833 
9.87822 


9.9323 


993814 


9 87800 52785 
9.877899 93891 10 00199 
9.93016 10 06084 


284.242.2228 84 
1 4] Tang. 


#4 Pl . . 
. Sine. 
9 g-% i 0 = 


Tang. 


9-93393 
9 93355 


9.93400 


9-93452 
9-93508 
9-93533 
9.93559 
993584 
9.93610 
9 93636 


9.937 12 
9 93738 


9.93789 


10.06850 
10.06825 
10.06799 
10,00773 
10.06748 


10.06722 
10.06697 
10.0667 1 
10.06646 
10.00620 


10.00594 
10.06 509 
10.065 43 
10.065 18 
10. 06492 
10. 00467 
10. 06441 
10.064106 
10 05390 
10 06365 
10.050339 
to. 06313 
10. 06288 
10.06262 


10.00211 
10 06186 


9.93840 
9 938 


1006160 


510. 0613510. 


| 


10 06237 m0. 


10.1 78951651870 
10. 1190610. 18731 
10.11917j10.18716 
| 10.18 
n 8686 
—— — 


10. 11950010. 18672 
10. 11960010. 18657 
10. 11971010. 18642 
10. 11982410. 18628 


10.11993 


10 12004'1C 
10.12014/10. 
o. 1 2025 
10. 120306 
10.12047 


10. 12058 


10.12112 10.1845 1 
10 12123110.18437 


10.1217 
10.1218 


10.1834 


10 1221170. 18320 
10. 1222200 18306 


10.18364 
10.183350 


30 
29 
28 
27 
26 
25 
_ 


42123 


22 


7 9 


8 * 
. 
* 
5 1 
4 
. 
: 


Secant nn 


49 Degree. 


1 


TI, Fg 


wy 1 


A Table of Artif 


41 


Degrees. 


_ 


— * + Pa * 


| Tag 


5 


9,8169409, 877789, 93916 


0719-93942 
619,93907 
9,93993 


9194044 


69.8 17810,877 1209, 94009 
7.877969, 87 7019, 94095 
89.818 1009.876900), 94120 
_9[3182519-8767919,94146 
1019,8183919,87668[9,941 71 
1119,8185419,8765719,94197 
129,8 18689, 8764609, 94222 
139,8 18839, 8763 5%, 94248 
14[9-3189719-3702419,94273 


15 [9,8191119,8761 319,94299 
1619,8192019,87601[9,94324 
17.8 1940,87 5900p, 943 50 
189.8 1955,875799.94375 
19 9,8190919,8756819,94401 
2019-8198319,87 55719-94420 
219,8 19989,875409,94452 
22 9,8201209, 87535 9.94477 
239.8202609. 875 249,94503 
1424-82041 2878130294728 


25 6.52055,5751,94554 
26 9, 820699, 87490 


9.94579 


4 Sine. | 4 


28 49, 8 209809, 8746809 94630 
29 [9,8211219,8745719.94555 
30 9, 821279, 87446 


994681 


28405 


10, 56084 
10, 6058 
10, 6033 
10,06007 
10,05982 
10,05956 
10,05931 


$0,05905 
10,05880 


10,05854 
10,053829 
10,05803 
10,05778 
10,05752 
10,05727 
10,05701 
10,05676 
10,05650 
10,05025 


10,05599 
10,05574 
10,05548 
10,05523 
12,05497 
10, 8472 
10,05447 
10,05 421 
10,5396 
19.0537 
10,05347 


10,0319 


8 


Secant. 


10, 12222 
10, 12233 
10, 12244 
10,1 2255 
10, 12266 


10, 12277 
10, 12288 
10, 12299 
10, 12310 
10, 12321 


10, 12332 


10, 12343 


10, 12354 
10, 12365 


Tang. 


10, 18132048 
10,18118 47 
10, 123760, 18103 46 
10, 12388 10, 18089 45 
10, 1239910, 1807444 
10, 1241010, 18060 [43 
10, 12421 10, 18046 42 
10, 12432 10, 18031 41 
10, 1244310, 18017 40 
10, 124540, 1800 z 39 
10, 12465 10, 17988 
10, 1247601, 1797437 
10, 12487 10,17959 36 
10,12499119,17945135 
IOI25IONOI7Q31T34 
10,12521[10,17916133 
10,12532[10,17902132 
10,125431[10,17888131 | 
10,12554112:17273139 


# 


R_— Y — 


—_— TEES. ec Tp 


48 Degrees, 


j 
— = 
/ 


38 


[ 597] © 


41 Degrees. 


9 87446 
9.8743 

9.87423 
9.87412 
9.87401 


9-87 390 
9.87378 
9.87367 
9:87 350 
9 87345 
9.87334 

9.87322 
9 8731 i 


9273 89 
987277 
9.87266 
9.87255 
9.87243 
2.8 7232 


9.87221 


9 87198 
9 87187 

9.87176 
g. 9-87164 
9.87153 
50919-87141 


| Tang. 


9.87300] 9.95012 


9. 87209 


—— — 


9 94081 
9.94706 
9.94732 
9.94757 
9. 9.94783 
9.94808 
9.94834 
9.94359 
9.94884 
9.9491 
9.94935 
9.94961 
9.94986 


10.05319 
[0.05294 
10.05268 
10.0543 
10.05217 
10 05192 
10.05 166 
10.05 141 
10.051 16 
10. 05090 


10. 05039 
10.05014 
110.04988 
10.04903 
10.04938 
10.049I12z 
10.04887 
10 04861 
10 04836 
10.04810 
10.04785 
10.04760 
10.04734 
10.04709 
10. 10.04683 
10.046;8 


2.98037 
9.95003 
9.95088 
995113 
9.95139 
9 95104 
9.95190 
9.95215 
9.95240 
9.95266; 
9.95291) 
9.95317 

9 95342, 
9. 95368 [10. .04633 
9 95393 ,10- 04607 
9 95418: 10 04582 
0719-95444 10.04556 


Tang ang. 


10.05065 


. 


10.1261 
10.1262 
10. 12633 


10.1265 5 


10 12667 
10. 12678 
10. 12690 
10 12700 
10.12212 


10. 12644 


10.12723 


10. 17802 
10.17788 


10.17774 
10.1776 


10.17745 
10.1731 
10.17717 
10.177003 


10.125 54410. 17874130 
10. 1256610. 17859429 
10.12577 10. 17845 28 | 
10.12588[10.17831 

10.1259 10.17817 


27 
26 


24 
4: 
22 


20 


18 


0.17689 
10.17074 
10. 10.17660'r5 


10.12734.10.17646| 
10.,12745 10. 17632 
10.12757 10.17618 
10. 12768 10. 0.17604 


10. 12779 10.17590 


17 
16 


15 


14 


10 12791 10. 1757 


10. 12802 10.175610 8 
10. 12813 10. 17547 7 
10. 10. 12825 10. 283 3 6 


10. 10.128306 10 17519 
10.12847 10. 17505 
10. 12879 10.1749 
10. 12870 10.17477 


10.12881 10. 17463 


48 Degrees. 


in. lo — 1 al 


25 


21 


19]. 


134 


11 | 
10 


* 


n . 


— 


- 
—_ 


* * ” 
POS WY 


e 


* ay „„ „ — 


—— 


« At lay 5 Se 00. ren #4 a” * % ͤ a na 4 4 
* r ＋ 5 - : . ws 
A Table of A Sines 
A 4 1 1 — 
— a 0 


l ah, | 
” 


442 Degrees... 


I 
319-82593 
"> 9.82607 9 
F509 82621 


| $9.82663 87016 
99-8267 9.8 
10 .82691 
111 82705 
129.82719 
|| . 


9-82774 


1 9.82816 
2 9.82830 
| 2119-32844 


2 9.82872 


53 2402 828856 


— tk 


10. o45 5610. 12893 
10.045 31 0. 12904 
10. 04505 10. 1291 5 0.17421 
10. 04480. 0. 12927 
112:94455119-12938 [1217393 
10.04429|10.12950 
96 10.044040. 12961 


9.82761 9.869306 


9.86913 9.95875 
86901 9.95901 
80890 9.95926 
35879 9.95952 
9.86856 9.90002 


1919-82802 19- 


9 80821 | 90078 


- - - — 


0.04379110-12972, 


0.0435 3410-12984 10.17337 
0 04328 [0.12995 
10.043020. 1 3007 
0.4277 fo. 13018 
0. 0425210 13030 
1004220 0. 13041 
10.04201 [10.13053 10. 17253 
10.04175 10.34 /%0, 7229 
10. 04150 f10. 13075 
10. 04125 
10.04099, 
10.04074 
10.04048 
10.04023 
10.03998 
10.3972 
10 03947 


| 


| — 


10.17226| 
10. 13087 [10.17212 
10. 13099 10 17198 
10.131100. 17184 
10. 1312110. 17170 40 
10. 13133 1t0. 171 56 39 
10.13144½ 0.17142 38 
10.1315 110. 17128 37 
10.131086 1.12114 36 
10.039220. 13179 10.171035 
10.038960. 1319110. 1708734 
10.038710. 1320210. 17073033 
10.038460. 132140. 17059 32 
8010. o38 2010. 13225 0. 17040031 
0510.037950. 13237 


47 Dr 


22898888 — 3 —— 


Secant 
e 


rains 


La 
— 


ISS 


[159] 


JR Tangents, and Secants, /. a 


. 
— — — 

: 

| 


4519-8317419:8658 

4619.83 18819,865 77 
4719-383202[9,86565 
4819.8321519.86554 
4919-33 22919.86542 


5219-83270{9.86507 
539.8328390 86495 


55 9.8331119.86472 
50198332419. 86460 


5319-83351 
5919-83365 


9 

f 688874655. 95332 
9.830519 86694 [9-96357[10.93643 
3 

3 


4919-83106 9:36647 [9-96459[10.03541 


9 9686410 03136 


864369 96915 


5719-83 3389.864489. 96890 
5 8642519 96940 [10.03060 


Sine. 


1 


699.83378 86413 9.96966 
e 


9.96788 [0.03212 


5419-83297 9.86483 [9.96814 [10.03186 


10 3617 
10. 3592 


1003288 
1003262 
10 03237 


10.03 161 


10.03110 
10.0308; 


t10.0308810152954 


10.1 3306, 
0. 13318, 


10. 13411 
10. 13423 


10. 13446 
10.1 3458 


10.13481 
10.13493 
10.13505 
1.13517 


10, 13528 


10.135752 
10.135654 
1013575 


10-.13330; ( « 
10.03506110.13341 10.1 
10.133831 0 
10 035 16̃0. 133554 
10 03490, 10. 13375 ; 
10 034650 13388 

60 10.93440]16.13400| 
9,9-96586[10.03414; 
9.96611 10.0338g 
9 96636110.03364 
9.96602[10,03.338 
9.99687110,03313, 
5919.83 24.319:865 309. 
5119.83256[9, 8651919. 


1013435110. 


10.13479]! 1 


10.13540110, 


Tang. 1 


„ — ————_  — 


wow — —— + 


7 


— — 7 

D Sine. | 4 Secant. [-- 

39982968 9,8676319 96205110,03795 [18.1 3237 (19-1707 

; 9.82982 9.86752 [999231 10,0378910.13248|19.17918 29 

219-8 2996 9.80749 [9:99256 10. 03744 19.13260119.17004[28. 

3419 $3010 9.386729 [9.99281 [10.03719}10.13272þ10.16990[29 

983023 9:86717[9:98307[10.03693 [10.13283/10 1699;/26 
1 75 


16 


10. 1082615 1 


21 


10. 0303410. 1358 [r0.16622 5 1 
2 2 — Ee 


8 


—_— > - 
= 
' 
1 
; 
| 
| 
| 
. 


L510 
A Table of Artificial Sine 


ä 


43 Degrees. Ts | 5-45" 


| | 
£ . 


8 
g · 


o 


5 


"36413 9.96966 10.03034 [0.13587 10.16622 850 
9 
8 


.86401 [9.96991 [10.03009]t0.13599|[10.16608[ 5; 
86389 9.97016 0.2984 10. 1361110. 1659505 

86377 97042 0.02958 0. 13023 10. 16581057 
83432 2.8635 9.2557 . 22339324 19.252885 
0.32446 0.863540. 97092 [0.02908 10. 1364610. 165 564 
228 —.—. 9.97118 0.02882 10. 13658 . A 
83473 [9-386033019-97143 10. 02857 f0. 1367010. 1652753 

83487 9.86318 9.971680. 02832 10. 1368210. 1651302 
86306 297194 flo. 2806 10. 13694 10.16500\51 


$35 1319-86295 9.972 190.0275810. 1370510. 1648750 
1 . 86283 9.972440. 02756 f0. 1371710 16473049 
12.835409. 8627 19 97269 0.0273 110. 13729 (6.16469 
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